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INTRODUCTION. 



The great practical use of machinery to a com- 
mercial country is so well known, and its superi- 
ority to animal force so universally acknowledged 
and felt in every branch of our manufactiures, that 
but little apology will be necessary for introducing 
to the man of science and the practical artizan a 
work, the avowed object of which is to render the 
uses and general principles of the steam engine 
familiar to every class of persons. That it has 
enabled England to support a proud pre-eminence, 
both in arts and political power, is equally appa- 
rent ; and, by the aid of its gigantic arm, we are 
now enabled to traverse the ocean and facilitate 
the transit of our manufactured goods by land, to 
an extent far beyond what its most sanguine well- 
wishers could ever have calculated on. The rail- 
roads which are now spreading so rapidly over 
Great Britain, like the arterial ramifications in the 
human system, bestowing fertility and civilisation 
in their path, alone form an era in the history of 
the progress of human improvement. 

The principal object to be attained by the em- 
ployment of the steam engine, as well as of every 
other species of machinery, being the reduction of 
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animal labour, it may be advisable, before we pro- 
ceed to the more immediate subject of the present 
work, to compare the various species of artificial 
power that have hitherto been employed for that 
purpose ; and by this method we may be enabled 
to calculate with certainty and precision on the 
most economical mode of producing a given force. 
To form, however, an accurate estimate of the 
saving thus effected, it will be necessary to ex- 
amine, though but briefly, the amount of animal 
force and its result as applied to machinery. 

From the most accurate observations, it ap- 
pears that the physical powers of the human race 
differ very widely, not only in various individuals, 
but also in different climates ; the value of a man 
therefore, as a working machine, will not be so 
great beneath the torrid zone as in the more tem- 
perate climate of Europe. This will serve to illus- 
trate the great advantage which our Colonists, par- 
ticularly in the West Indies, would derive from 
the more general employment of inanimate force ; 
the day-labour of a negro in the sugar countries 
amounting to little more than one-third of that 
performed by an European mechanic. 

A labourer, working ten hours per day, can 
raise in one minute a weight equivalent to 3750 
pounds one foot high, or about sixty cubic feet 
of water in the same time; while the power of a 
horse, working eight hours per day, may be cor- 
rectly averaged at 20,000 pounds. Smeaton states. 
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that this animal^ by means of pumps^ can raise 
two hundred and fifty hogsheads of water ten feet 
high in an hour. It is a well-known fact, also, 
that men, when trained to running, are able, on the 
average of several days being taken, to outstrip 
the fleetest horse; and yet it will be seen from 
the above statement, that his force, if properly 
apphed, is nearly equal to six times that of the 
most powerftil man. 

The use of water as an impelling power, both 
for the turning of machinery and other purposes 
connected with the useful arts, appears to have 
been known at a very early period. Vitruvius 
describes a variety of machines for this purpose, 
the earliest of which were employed merely to 
raise a portion of the fluid by which they were 
impelled. The most simple method of applying 
this element as a mechanical agent evidently con- 
sisted in the construction of a wheel, the periphery 
of which was composed of a number of float- 
boards. This, on being exposed to the action of 
a running stream, was afterwards employed to give 
motion to a variety of mills, and is at the present 
time employed in almost every species of ma* 
chinery. 

Among the most celebrated hydraulic machines, 
we may enumerate the Machine of Marly. This, 
when first constructed, appears to have produced 
one-eighth of the power expended, so that seven- 
eighths of its power were usually lost. This mis' 
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applied power was afterwards found so injurious 
to the engine^ that the wear it occasioned reduced 
the mechanical effect very materially. But this 
miay be considered aa an extreme case^ and we 
select it merely as an instance of that total igno- 
rance of the first principles of mechanics which 
characterised many foreign engineers of the last 
century. 

It may, however, be advisable to examine the 
ratio of power expended in comparison with that 
of the effect produced in some of the most simple 
hydraulic machines ; and, by this calculation, the 
amount of friction, &c. may be accurately ascer- 
tained. 

Undershot water-wheel 9 = 3 

Overshot ditto 10 = 8 

Hydraulic Ram (this machine will make 

from 20 to 100 strokes per minute) . . 10 = 6 
Large machine at Chremnitz (each stroke 

occupying about three minutes) ... 9 = 3 

But the water-mill, which is the usual machine 
employed, even in its most improved form, is far 
jfrom being beneficial either to the agriculturist or 
the manufacturer. The former is injured by the 
laws which prohibit the draining of mill-streams 
for the pxuposes of irrigation, by which much im- 
provement is kept back that would otherwise take 
place ; while the health of the latter, in the imme^ 
diate neighbourhood of manufacturing districts, is 
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much injured by the stagnant condition of the 
water which is thus unnecessarily dammed up. 

Wind, which we may consider as the next sub- 
stitute 'for animal power, appears to have been 
first employed to give motion to machinery in the 
beginning of the sixth century. The use of this 
species of mechanical force is, however, principally 
lunited to the grinding of com, the pressing of seed, 
and other simple manipulations ; the great irregu-* 
larity of this element precluding its application to 
those processes which require a continued equable 
motion. 

A windmill with four sails, measuring seventy 
feet from the extremity of one sail to that of the 
opposite one, each being six feet and a half in 
width, is capable of raising 926 pounds two hun- 
dred and thirty-two feet in a minute, and of work-- 
ing on an average eight hours per day. This is 
equivalent to the work of thirty-four men, twenty- 
five square feet of canvass performing the average 
work of a day labourer. A mill of this magnitude 
seldom requires the attention of more than two 
men ; and it will thus be seen that, making allow- 
ance for its irregularity, wind possesses a decided 
superiority over every species of animal labour. 

To shew, however, the great advantage which 
the steam engine, even in its rudest state, possesses 
over mere pneumatic or hydraulic machinery, we 
will now examine its effective force when employed 
in the working of pumps. It has been already 
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stated^ that the machine of Marly^ formerly con* 
sidered the most powerful engine in the world, 
when first erected lost seven-eighths of its power 
from friction and other causes ; while the over- 
shot water-wheel, which can act only in favourable 
situations, produces nearly eight-tenths of the force 
employed. Now, it is stated by Dr. Desaguliers, 
that the atmospheric engine working at GriflF- 
mine, nearly a century back, produced ftill two- 
thirds of effective force for the power employed ; 
and this, too, at a comparatively moderate expense* 
We find, farther, that a hundred-weight of coals 
burned' in an engine on the old construction, 
would raise at least twenty thousand cubic feet of 
water twenty - four feet high ; an engine with a 
twenty -four inch cylinder doing the work of 
seventy-four horses. From this it will be seen 
that a bushel of coals was equal to two horses, and 
that every inch of the cylinder performed nearly 
the work of a man. 

But if we pass from the infancy of the steam 
engine to the maturity of its powers, the result is 
more extraordinaiy than could have been anti- 
cipated even by the theoretical investigator. In 
1776 Mr. Watt's engines were warranted to raise 
twenty millions of pounds of water one foot high 
with a single bushel of coals. This amount was 
not materially increased till 1810, when Mr. Woolf, 
whose engine is described in the present work, 
introduced his improvements into Cornwall; and 
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we find that the use of steam worked expansively 
has since more than doubled its powers. In 1830^ 
of fifty -two engines reported, the average duty 
amounted to rather more than forty-three millions 
of pounds ; and since that time we find a single 
engine raising the enormous load of between eighty 
and ninety millions of pounds one foot high with 
a single bushel of coals. 

To the mining interests this valuable present of 
science to the arts has been peculiarly acceptable ; 
as a large portion of our now most productive 
mineral districts must long ere this have been 
abandoned, had not the steam engine been em- 
ployed as an active auxiliary in those stupendous 
works. In the draining of fens and marsh lands 
this machine is in the highest degree valuable ; and 
in England, particularly, it might be rendered still 
more generally useful. In practice it has been 
ascertained that an engine of six-horse power will 
drain more than eight thousand acres, raising the 
water six feet in height ; while the cost of erection 
for an engine for this species of work, including 
the pumps, will not exceed seven hundred pounds. 
This is more than ten windmills can perform, at 
an annual expenditure of several hundred pounds. 

To the mariner, also, the steam engine offers 
advantages of a no less important and novel na- 
ture than those we have already described. By its 
use he is enabled to traverse the waters both against 
wind and tide, M^th nearly as much certainty, and. 
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as the machinery is now constructed, with much 
less dangei:, than by the most eligible road con- 
veyance. 

In proof of the importance of this application of 
the steam engine, it may be enough to quote the 
opinion of a committee of the House of Commons 
lately published. They state, that in '' three years 
the tonnage on one of the great Irish rivers has 
increased more than seven-fold;" and this, too, 
entirely from the facilities to trade which have 
resulted from steam navigation. In 1824, the 
first steamer was established between Liverpool 
and Dublin. Since that period more than forty 
vessels have been built, with a capital of at least 
seven hundred thousand pounds. On the Kentish 
coast large towns have been created where there 
was formerly little more than arid sands and fish- 
ing villages ; and the facility of transport enables 
the inhabitants of the metropolis to enjoy the ad- 
vantages of a residence in places formerly entirely 
beyond their reach. It too frequently, however, 
happens that the faults of any new invention are 
unjustly magnified, while its real advantages are 
seldom duly appreciated ; and this axiom has been 
ftiUy verified in the clamour so unjustly raised 
against the application of the steam engine to 
nautical purposes. Accidents are now, however, 
of but rare occurrence ; and it is more than pro- 
bable that the great improvements that have been 
made in the boiler and safety-valve will effectually 
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secure these parts of the engine from a recurrence 
of those tremendous explosions which unfortu- 
nately characterised the first introduction of steam 
navigation. 

And, lastly, the political economist must hail 
with the most heartfelt gratification the intro- 
duction of so able and efficient a substitute for 
animal labour as the steam engine. By the aid 
of its powers in impelling machinery, hundreds of 
thousands of human beings may be supplied with 
the necessaries of life from the same soil as was 
previously required to produce the food of ani- 
mals ; and the argument usually urged against this 
gigantic prime mover, namely, that it displaces 
human labour, is altogether fallacious. The fact 
is perfectly true ; but the inference usually drawn 
is altogether erroneous. Without the aid of the 
steam engine, the commercial industry of this 
country must instantly sink before the compe- 
tition which would then ensue with the rest of 
Europe. And though it throws many of the ope- 
rative classes out of employ, it opens new chan- 
nels for their productive industry. The fact is, 
that with a population more dense than is to be 
found in any other part of Europe, the humblest 
classes of the natives of the British isles are en- 
abled to procure comforts which in other countries 
are viewed as the exclusive property of the rich 
and influential of the land ; and the spirit of 
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commercial speculation which is generated by the 
successful employment of the steam engine, offers 
independence to those who judiciously employ its 
powers, and opens a path to the highest rank in 
the state. 
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CHAP. I. 

Mature of Steam — Application of it as a- moving poster 
— Hero — Branca^ — Marquis of Worcester — Sir Samuel 
Morland — Papin — Savery — Boaa — ^ewcomen — Hulls 
— Falck — Amontons — Deslandes — F^rancois. 

As the whole power of the Steam Engine depends on the 
employment of elastic vapour, produced from water at dif- 
ferent temperatures, varying from 212**, or the boiling point 
of Fahrenheit's thermometer, to 300° of the same scale, it 
may be advisable in the first instance to examine some of 
the principal phenomena connected with the formation of 
vapour in its most simple form, and its application to the 
steam engine will then be sufficiently obvious. 

Steam is highly rarefied water, the particles of which 
are expanded by the absorption of caloric, or the matter of 

B 
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heat. Water rises in vapour at all temperatures, though 
this is usually supposed to take place only at the 
boiling point : when, however, the evaporation occurs be- 
low 212"^, it is confined to the surface of the fluid acted 
upon, but at that heat, steam is formed at the bottom of 
the water, and ascends through it, preventing its elevation 
to a higher temperature, by carrying off the heat in a latent 
form. At the conunon pressure of the atmosphere, one 
cubic inch of water produces nearly 2000 cubic inches of 
aqueous vapour or steam ; but the boiling point, as we have 
already stated, varies very considerably, and the density 
of the vapoui* produced is materially affected by the atmo- 
spheric pressure. Thus in a vacuum water boils at about 
70*, under common pressure, at 212°; and when pressed by 
a column of mercury, five inches in height, water does not 
boil until it is heated to 217'' ; each inch of mercury produc- 
ing by its pressure, a rise of about 1 ** ii| the thermometer. 

According to Dr. Ure's elaborate experiments, the elastic 
force of this vapour at 212* is such, that it is equivalent to 
the pressure of a column of mercury 30 inches in height ; 
at 226 '.3, to that of 40 inches ; at 238 \5, to 50.3 inches ;• 
at 257°. 5, to 69.8 inches; at 273 \7, to 91.2 inches; at 
285 ".2, to 112.2 inches; at 312% to 166 inches; and Mr. 
Woolf has ascertained that at these temperatures, omitting 
the last, a cubic foot of steam will expand to about five, 
ten, twenty, thirty, and forty times its volume respectively ; 
its elastic force, when thus dilated, being in each case equal 
to the ordinary pressure of the atmosphere. 

The following tables are however the result of direct ex- 
periment on the elastic force of steam and its power to sup- 
port a given column of mercury, and although there is some 
discrepancy in th^ results which are thus presented, they 
will furnish important data for the future experimentalist. 
The latter table has been furnished by the French Royal 
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Academy, who were requested to report upon the compa- 
rative df^^rees of safety between high and low pressure 
steam engmes« 
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One pound of Newcastle coal converts about seven 
pounds of boiling water into steam ; and the time required 
to convert a given quantity of boiling water into steam, is 
six times that required to raise it from the freezing to the 
boiling point. 

To shew by direct experiment the great expansive force 
of vapour from water when converted into steam, by the 
application of heat, it will only be necessary to take a glass 
tube, at one end of which is a bulb of two inches in dia^ 
meter, and dropping into it a single spherule of water, the 
diameter of which will scarcely exceed one tenth of an 
inch, or about the eighteen hundredth part of the size of 
the glass bulb, we shall find, that it may very readily be 
expanded by the application of heat, so as to expel the air 
from the vessel. That this is actually the case, may be 
shewn by merely plunging the mouth of the tub^ into cold 
water, and suffering the steam to return to its original 
state, which being effected by the abstraction of a portion 
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of jls artificial heat, the water will rush in fma the extern 
nal vessel, and occupy the place of the steaitt thus con- 
'densed, which could not have taken place had any portion 
of the air remained in the tube or its bulb. 

From Aese tlatd, it vill be evident, that when Bteam is 
mfarely employed to displace the air in a close vessel, 
and afterwards to produce a vacuum by cundensation, 
no more heat b necessary than what will raise the 
water for this purpose to 213° ; but if, on the contrary, 
b%b-pressure steam is required, a very considerable in- 
crease of heat will be essential ; and of this kind was the 
elaMic vapour employed in all the early steam engines 
to which we may now more immediately direct the reader's 
attention. 

Amotig the numerous competitors for the honour of hav- 
ing first su^^^ested steam as a moving; power in mechanics, 
we must certainly place Hero of Alexandria, Brancas, and 
the Marquis of Worcester, in the foremost rank. 

The simple ^paratus sug^;ested - by Hero about two 
thousand years ago, may be readily understood by refer- 
ence to the annexed figure. 
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F repRMnte a caulclron in which steam is generated by- 
the implication of a concealed furnace beneath. The tube 
£ and bent ann B aije intended to convey the elastic ra— 
pour, thus produced, to a rerolvii^ ball G, which is ood~ 
oected hy a steam-t^ht joint at B. Two tubes bent to a 
right angle at A and D, are the only parts open to the 
air; and as the steam rashes out from these minute aper^ 
tares, the reaction produces a rotatory motion. The 
second of these candidates was an Italian philosopher, of 
considerable «nmence,and who, in 1629, publidied a trea- 
tise entitled, " Le Maehme, &c." which contuned a descrqt- 
tion of an apparatus for die same purpose. 

Brancaa's reTolving apparatus, as will be seen by refer- 
ence to the following diagram, was still more simple than 
diat contrired by Hero. 




A hollow copper, representing the head of a negro, and 
filled with water, was furnished wiih a small tube, and ii 
seen to give motion tb a Boat-wheel, which is impelled 
by the action of the elastic vapour generated with- 
in. The work in which this engine was first described, 
was published in 1629. \t is exceedingly rare, aqd the 
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above diagram is accurately copied from an engraying iii 
the possession of Major Colby. 

A slight examination of the principle upon which this 
simple apparatus is constructed, will show that no very 
considerable force could have been obtained; as the steam 
passing through the atmosphere in its passage to the 
wheel, must, to a certain extent at least, be converted into 
water. 

After the publication of this scheme, which it is proba* 
ble was never put in practice with any useful effect, nearly 
thirty years elapsed ere the farther consideration of the above 
important subject was resumed by the Marquis of Worces- 
ter. The mode of employing steam recommended by the 
Marquis, and which he describes in his " Century of Inven- 
tions" to have completely carried into effect, was entirely 
different from that of his predecessor; and it is evident 
that the noble author had received no previous hint of 
Brancas' invention, as he expressly states in another part 
of the above work, '' that he desired not to set down any 
other mens* inventions ;" and if he had in any case acted 
on them, " to nominate likewise the inventor.*" 



* This work was written about the middle of the seventeenth century, and, 
considered as a description of the united discoveries of one individual, is cer- 
tainly one of the most extraordinary scientific productions which has yet is« 
sued from the press in any age or nation. In addition, however, to its value, 
as containing the first tangible suggestion for the employment of steam, 
as an hydraulic and hydrostatic force, it has unquestionably formed the 
foundation of a large portion of the patent inventions, which make so 
prominent a feature in the present day. The praiseworthy labours, how- 
ever, of this indefatigable nobleman, shared the fate which usually attends 
on projectors ; and it was left to the slow though certain march of scir 
entific improvement, to award to his memory a posthumous praise. The 
Marquis also published a work, entitled, *^ An exact and true Definition 
of the most stupendous Water-commanding Engine, invented by the Right 
Honourable (and deservedly to be praised and admired) Edward Somerset, 
Lord Marquis of Worcester, and by his Lordship himself presented to 
his most excellent Majesty Charles the Second, our most gracious Sore- 
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It is said that the Marquis, while confined in the Tower 
I of London, was preparing some food on the fire of his 
apartment, and the cover having been closely fitted, was, 
by the expansion of the steam, suddenly forced off and 
driven up the chimney. This circumstance attracting his 
attention, led him to a train of thought, which terminated 
in tliis important discovery. But no figure has been pre- 
served of his invention; nor, as we have good reason to 
suppose, any description of the machine he employed, ex- 
cept the sixty-eighth article in the above-mentioned work. 
We shall content ourselves, therefore, with extracting* 
that article from the noble author*s MS. preserved in the 
British Museum. 

** An admirable and most forcible way to drive up water 
by fire ; not by drawing or sucking it upwards, for that 
H^ust be as the philosophers call it, infra iphertxm activi^ 
iaiisy which is but at such a distance. But this way hath 
no boundary, if the vessels be strong enough ; for I have 
taken a piece of a whole cannon, whereof the end was 
burst, and filled it three quarters full of water, stopping 
and screwing up the broken end, as also the touch-hole ; 
and making a constant fire under it, within twenty-four 
hours it burst, and made a great crack; so that having 
found a way to make my vessels, so that they are strength- 
ened by the force within them, and the one to fill after the 
other, I have seen the wat^r run like a constant fountain 
stream, forty feet high ; one vessel of water, rarefied by 
fire, driveth up forty of cold water. And a man that tends 
the work is but to turn two cocks, that one vessel of water 
being consumed, another begins to force and refill with 



reign.** This was ]>nblish(Hl in a small quarto volume of only twenty- 
two pages, and consists of little more than an enumeration of the won- 
derful properties of the above engine ; and it is certain that he never 
published any key to the first hint furnished iu the Omtury 0/ Invtntwns, 
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cold water, and so successively, the fire being tended and 
kept constant, which the self-same person may likewise 
abundantly perform in the interim, between the necessity 
of turning the said cocks." Vide Harleian MSS. No. 2428. 
In 1683, a scheme for raising water by the agency of 
steam was offered to the notice of Louis XIV. by an inge- 
nious English mechanic, of the name of M orland. He was 
presented to the French monarch in 1682, and in the course 
of the following year his apparatus is said to have been 
actually exhibited at St. Germain's.* The only notice of 
this plan occurs in the collection of MSS. to which we 
have already alluded, and forms the latter part of a very 
beautiful volume, containing about thirty-eight pages, and 
entitled " Elevation des Eaux^ par toute sorte de Machines^ 
riduite a la misure^ au poids^ et a la balance. Presentee 
a sa Majeste tres ChrSiiennCj par fe Chevalier Morland, 
gentilhomme ordinaire de la chambre privee^ et maistre des 
mechaniques du Roy de la Grande BrStaigne^ 1683." 



* Sir Samuel Morland was the son of a baronet of the same name, cre- 
ated by King Charles II. for his zealous services performed during the 
King's exile. The son was made Magisier Mecfuinicorum by the King in 
1681, and was justly celebrated at that period for a number of very in* 
genious inventions, among which we may enumerate the drum capstan for 
weighing anchors, the speaking trumpet, and fire engine. The celebrated 
John Evelyn gives the following account of a visit paid to him at a very 
late period of his life :— 

** The Abp. and myselfe went to Hammersmith, to visite Sir Sam. Mor- 
land, who was entirely blind, a very mortifying sight. He shewed us his 
invention of writing, which was very ingenious, also his wooden kalender, 
which instructed him all by feeling, and other pretty and useful inven- 
tions of mills, pumps, &c. and the pump he had erected that serves water 
to his garden and to passengers, with an inscription, and brings from a 
filthy part of the Thames neere it a most perfect and pure water. He had 
newly buried 200/. worth of music books six feet under ground, being, as 
he said, love songs and vanity. He plays himself psalms and religious 
hymns on the Theorbo^' Diary, Oct. 25th, 1695. 

■ About the year 1684, Sir Samuel purchased a house at Hammersmith, 
and it appears from the register of that parish, he was buried Jan. 6th, 1696. 
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The MS. is written upon vellum, richly illuminated, and 
the part which has 'reference to the steam engine occupies 
Only four pages, commencing with a separate title, &c« It 
is also accompanied by a table of the sizes of cylinders, 
and the amount of water to be raised by a given force of 
steam. This curious memoir forms an important link in 
the chain of historical evidence, which tends to prove that 
the English, though not the actual inventors of the steam 
engine, were unquestionably the first to apply its stu*' 
pendens powers to any useful practical purpose; we shall^ 
therefore, offer no apology for presenting it entire to the 
notice of the reader. 

" Les Principes de la nouvelle Force du Feu : invent ie 
par le Chevalier Morland^ Pan. 1682, et presentee a son 
Majesti tres Chritienne^ 1683. 

** L'eau etant evapor6e par la force de feu, ces vapours 
demandent incontinent une plus grand*espace [environ deux 
mille fois] que I'eau n'occupoit auparavant, ^eil plus lost 
que d'etre toujours emprisonn^es, feroient crever une piece 
de canon. Mais etant bien gouvern^es selon les regies de 
la statique et par science r^duites la m^sure, au poids et a 
la balance, alors elles portent paisibilement leurs fardeaux, 
[comme des bons chevaux,] et ainsi servoient elles du 
grand usage au gendre humain, particulierement pour 
I'elevation des eaux, selon la table suivante, qui marque 
les nombres des livres qui pourront etre levies 1800 fois 
par heure, a six pouces de lou^e, par de cylindres a moiti6 
remplies d'eau^ aussi bien que les divers diametres et pro- 
fondeurs des dits cylindres.''* 



* The principles of the new Power of Fire ; invented by the Cher. Mor- 

land in the year 1682, and presented to his most Christian Majesty, 1683. 

Water being evaporated by the power of fire, the vapour shortly acqairei 
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Tabk of the Diameter and Length of Steam CyHndert; 
with the Mmber of Pounds Weight to be raised. 



CYLINDERS. 


Liyres du poids, poar dtre leres. 


Diam. en pieds. 


Prof, en pieds. 


1 


2 


15 


2 


4 


120 


3 


6 


405 


4 


8 


960 





10 


1875 


6 


12 


3240 


Nombres des Cylindres, qui ont 




poo^ diametre 6 pieds, et 12 




piedB de profondeor. 




1 


3240 


2 


6480 


3 


9720 


4 


12960 


5 


16200 


6 


19440 


i 


22680 


8 


25920 


9 


29160 


10 


32400 


20 


64800 


30 


97200 


40 


129600 


60 


162000 


60 


194400 


70 


226800 


80 


259200 


90 


291600 



In 1695, Papin, then resident at Cassel, published a 
work, describing a variety of methods for raising water, in 

a greater space (near two thousand times) than the water occupied 
before ; and was it to be always confined, would burst a piece of cannon. 
But being well-regulated according to the laws of grayity, and reduced 
by science to measure, to the weights and balance, then they carry 
^eir burdens peaceably, (like good horses,) and thus become of great 
use to mankind, particularly for the elevation of water, according to the 
following table, which marks the number of pounds that may be raised 
1800 times per hour, by cylinders half full of water, as well as the different 
diameters and depths of the said cylinders. 
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trhieh he enumerates the above inveiition. Being unable 
to procure this tract, we insert the following translation of 
that part which relates to the steam engine* It occurs in 
the Transactions of the Royal Society, for 1697. After 
alluding to the inconvenience of forming a vacuum by- 
means of gunpowder, which was one of his early propo- 
sitions, he recommends ^' the alternately turning a small 
surface of water into vapour, by fire applied to the bottom 
of the cylinder that contains it, which vapour forces up the 
plug in the cylinder to a considerable height, and which 
(as the vapour condenses, as the water cools when taken 
from the fire) descends again by the air's pressure, and is 
applied to raise the water out of the mine." 

In 1|S98, Captain Savery obtained a patent for a new 
mode of raising water, and communicating motion to a 
variety of machines by the force of steam ; and in the fol« 
lowing year a working model of the above engine, was 
submitted to the Royal Society, who then held their sit- 
tings in Arundel House.* Savery 's engine was em- 
ployed to raise water to a given height by the pressure of 
the atmosphere, and then to force the fluid up the remain- 
ing elevation, by the power of steam acting on the surface. 

The engine suggested by Savery, for the purpose of 
raising water, consisted of a boiler o, furnished with a 
safety-valve m. The steam vessel s was connected with 
the well c by a suction-pipe A, and when water was to be 
raised, the vessel 8 was filled with steam, which, rudhing 
in, soon expelled the air. When that was completely 



* The following notice of this machine is inserted in their Transactions 
for that year. 

" Mr. Savery, Jnne 14, 1699, entertained the Royal Society, with shew- 
ing a small model of his engine for raising water by the help of fire, which 
he set to work before them. The experiment succeeded according to ex-- 
pectation, and to their satisfaction?' 
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effected^ the oommHnicatioii with the boiler was cloaed 
by the handle^ and -the steam condensed by the intro- 
duction of water at e^ t, which, diminishing its bulk, 




formed a vacuous space within the vessel ; the pressure of 
the atmosphere then operating upon the surface of the 
Water at c, drove it up the pipe. In this form of the appaU 
ratus, the inventor was seldom able to raise water more 
than thirty feet; and when a greater altitude was required^ 
it was effected by the impellent force of the steam. This 
was accomplished by the ascending pipe a dy which was 
sometimes carried sixty feet higher than the steam vessel «• 
After condensing the steam, and filling the vessel » with 
water, a new supply of steam was then introduced, which 
pressing on the surface of the water, drove it up the pipe 
d\ and it will be evident that the pressure on the internal 
surface of the boiler must be proportioned to the height of 
the column of water thus raised by the steam. 

The principal objection to this form of the engine arises 
from the great consumption of fuel, — a considerable por-i 
tion of the caloric employed in the generation of the steam 
being absorbed in heating the new surface of cold itat^r 
last raised from the well ; and where great heights are r&v 
quired, there appears no mode of completely obviating this 
olgection. Shoidd it, however, be required merely to raise 
water about thirty feet, there are few contrivances more 
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economical, or better adapted for general use* WhOe 
»peaking of Sarery^s apparatus, it mkj be advisable to 
notice the rery ingenious adoption of the same prindple to 
the construction of a gas engine by Mr. Brown. In the 
latter case a racuum is formed by the introduction of an 
inflamed jet of carburetted hydrogen gas, which consumes 
the oxygen, and rarefies the nitrogen by the increase of 
temperature which ensues. The vacuum thus produced is 
much^more perfect than would at first view have been sup- 
posed, from the nature of the process resorted to by the 
patentee ; but the economy of employing hydrogen gas, as 
a substitute for condensable vapour, is still somewhat 
problematic. 

In the engines constructed under the authority of Sa* 
very's patent, it was necessary for a labourer to be in con* 
stant attendance for the purpose of turning the cocks, 
which alternately admitted the steam and condensing water. 
M. de Moura however effected a considerable improvement 
in this part of the engine, by constructing a self-actin§^ 
apparatus for this purpose. 

From the above facts it will be seen, that Savery's engine 
' was not adapted either for the supply of towns or the drain- 
ing of mines, (two of the patentee's principal objects,) the 
latter of which were often of considerable depth ; but a 
number of small ones were erected for the raising of water 
in gentlemen's pleasure grounds, in different parts of Engw 
land. Dr. Desaguliers tells us that he made seven of these 
engines: the first was for the Czar, Peter the Great, for 
his garden at Petersburgh, where it was set up. The boiler 
was made spherical, and held between five and six hogs- 
heads. The receiver held one hogshead, and was filled 
and emptied four times in a minute. The water was drawn 
up by suction, or the pressure of the atmosphere, twenty- 
nine feet high out of the well, and then pressed up eleven 
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feet higher. The pipes were all of copper^ but soldered 
to the suction piece with soft solder, which held very well 
for that height. Had, however, the amount of pressure 
been greater, it must have burst the metal, and produced 
the most mischievous effects. 

It was soon found that the mode of producing a vacuum 
in these engines was liable to the most serious objections, 
not the least of which was the unnecessary waste of steam ; 
and an improvement on the original construction was 
shortly effected, which, although not capable of completely 
correcting this defect, produced a considerable saving in 
the amount of fuel employed. 

It has been already stated, that Savery's first mode of 
condensation consisted in throwing a quantity of cold water 
on the outside of the steam vessel employed to form a 
vacuum in the pipes ; and on the re-admission of steam it 
was found necessary to restore the heat previously absorbed. 
To prevent this, a small jet was inserted, which striking 
against the steam, converted it into water without sensibly 
lowering the temperature of the vessel. When the repel- 
lent force of steam was employed in this engine, the waste 
of fuel was still more considerable ; great part of the steam 
being condensed upon coming in contact with the surface 
of the water, so that it could not be brought into action till 
a large portion of the cold fluid was raised to the boiling 
point. As a further improvement on this engine, Papin 
introduced a moveable disk pr float, which was interposed 
between the water and steam, and, by being pressed upon 
the former, forced it up the connecting pipe without the 
steam coming into actual contact with the water. 

An ingenious combination of Savery's and Papin's appa- 
ratus was proposed in 1805, by Mr. James Boa^ of Glas- 
gow, by which water can be raised without condensing' the 
steam, a, is the steam cylinder, t, the pipe from the boiler. 
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baviiMf a stop-cock ; k, a wsste eteam cock ; c, a floating^ 
ptrton attached to a pishm-rod ; e a pipe which generally 




contaim hot water, A water pipe, having a valve at ijr is 
immersed in the well, and delivers the water into the reaei^ 
roir, through a valve x. The air which accnmolatea in 
the receiver escapes at n ; rf, is the rarifying or exfaausting 
vessel. 
The whole being filled with mercury tuid water, shut the 
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W^talve k^ and open i ; the steam from the boiler will rush 
into the receiver, and after heating the water, it presses on 
its siurface, forcing the mercury up into the exhausting 
vessel rf, where it acts as is shewn in the engraving. 
The water above c, and in the pipes e,jf, will be forced 
up into the cistern r, in a quantity nearly equal to 
the space occupied by the steam in the receiver. When 
the piston has been depressed as far as is necessary for its 
stroke, the self-acting mechanism attached to its rod, shuts 
iy and opens k ; and the mercury now being at liberty to 
act by its gravity, descends from the exhausting pipe, and 
raises the piston to its first position ; and the steam which 
pressed it downwards being allowed to flow into the atmos- 
phere, the fall of the mercury from d, into a, leaves a va- 
cuum in dy into which the water from the well is pressed 
by the atmosphere, and again fills it. The valve at ^, pre- 
vents its return to the well in the operation of forcing; 
and the valve Zj prevents its fall from the cistern when the 
vacuum is made in d. 

Newcomen, who is generally considered as the inventor 
of the atmospheric engine, appears to have been an iron- 
monger, resident at Dartmouth, in Devonshire ; and that 
he was a man of considerable practical ingenuity, is suffi- 
ciently evident from his arrangement of the engine sug^ 
gested by Dr. Papin* 

Savery*s engine having failed, from the causes we have 
already stated, the mines were nearly all at a stand for 
want of some cheap and efficient machine for the purpose 
of clearing the more distant workings. About this period 
Newcomen, having associated himself with John Cawley, a 
native of the same town, proposed to erect engines capable 
of supplying this desideratum; and taking the exhausted 
cylinder of Otto Guericke for a model, applied Papin's 
mode of producing a vacuum to the above machine. 

c 
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' A very simple, and at the same time, ingeiiious mode of 
illustrating the operations of an atmospheric steam engine, 
will be found in the annexed apparatus, employed by Pro- 
fessor Brande, in his lectures at the London Institution. 




The glass tube and bulb b is shewn with its piston t ; 
the rod being hollow and closed by a screw c. If steam 
be generated by the spirit lamp dy the air will speedily be 
expelled ; and after this is effected, the screw c may be 
closed, and a working stroke produced by artificial con« 
densation. 

To understimd the action of this machine, we must con* 
ceive a hollow tube or cylinder, famished with a piBton*, 
made to fit air-tight, and indeed in all respects similar to 
a conunon syringe. At the bottom of this are seyeral aper- 
tures : one to conununicate with the steam boiler, and fur- 
nished with a cock to open and shut the communication at 
pleasure ; another for the admission of cold water ; and a 
third to carry off the condensed steam and ejection water. 
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A small lateral aperture is also formed with a valve to 
allow the escape of the air, or permanently elastic gas, 
which will not condense by the application of cold water : 
this last is called the snifUnff clack. 

If the piston be now raised to the top of the cylinder, 
and steam admitted, the air will be ejected by the snifting 
clack. The steam is then cut off, and the cold water al* 
lowed to enter, which condensing, the steam forms a vacuum 
beneath the piston, which is pressed down with a force 
propcntionate to its diameter. 

In a working engine for the draining of mines, the piston 
rod is attached by a chain to the end of a long lever, wcH'k- 
ing on a fulcrum at the opposite end of which are sus* 
pended the rods of the pumps int^ided to raise the water : 
the weight of these rods exceeds the weight of the piston 
so much as to draw it up to the top of the cylinder, and 
the machine is thus ready for the admission of steam, and 
the production of an entire stroke. A graphic illustration 
of this engine is given in the descriptive part of our work. 

The iirst really effective engine on this construction ap- 
pears from a MS. to which we have already referred, to 
have been erected at Wolverhampton, near the half milei* 
stone leading from Walsingham to that town. 

In 1718, the patentees agreed to erect an engine for the 
owners of a colliery, in the county of Durham, where seve-i 
ral hundred horses were employed. Mr. Henry Beighton^ 
who was engaged as an agent in this concern, not approVi* 
ing of the intricate manner of opening and shutting the 
cocks, for the admission of steam, water, &c. which were 
then moved by strings and catches, invented by a boy of 
the name of Potter, employed a hanging bar attached to 
the great working beam for that purpose. 

The double-acting steam engine does not differ very 
materially from those we have already described. It waa 

c2 
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first saggpested by Dr. Falck, who published an acooont of 
his invention in 1779. The chief improyement lAich he 
introduced was the use of two cylinders, into which die 
steam was alternately admitted by a common r^rnlator, open- 
ii^ the communication with the steam to one, whilst it shut 
up the opening of the other. The piston rods were kept (by 
means of a wheel fixed to an arbor) in a continual aaoend« 
ing and descending motion, in die same manner as the rods 
of a common air-pump, while the nut, acting in the upright 
racks, was made to work the pumps, which were thus kept 
in constant action. 

From this it will be seen, that in a double-^lioder en- 
gine, where two oranks are used, die fly-whed, which is 
usually employed as a magazine of power, may be entirely 
dispensed with ; which, in the reciprocating eng^ine, is an 
advantage of considerable importance, as the whole power 
of theei^ine must, in certain positions of die crank, depend 
upon the action of the fly-wheel. 

The fire wheel of M. Amontons, and the steam wheel of 
his countryman Deslandes, were very ingenious, though 
both of them much too intricate for general use. The firat 
of these inventions consisted of a number of buck^s placed 
in the circumference of a wheel, and communicatii^ with 
each other by very intricate circuitous passages. One part 
of this circumfenence was exposed to the heat of a furaaoe, 
and another to a cistern of cold water. The communica-i 
tions were so disposed, that the steam produced in die 
buckets on one side of the wheel, drove the water into 
buckets on theother side, so that one side of the wheel was 
always heavier than the other, and this constant addition 
of we^t produced a rotatory motion. 

Various attempts have been made at diflerent periods to 
employ the steam ei^ne in tbedrainii^of fauid. M. Fran* 
qom was,^ we believe^ the first who si^gested its practical 
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application to this purpose. He proposed to employ an 
engine on Savory's plan, and added machinery to op^i and 
shut the cocks. Two or three targe engines have been 
constructed in this country, which have since been em- 
ployed in Holland with the most beneficial effects; and 
there is no doubt but that their value, when duly appre- 
ciated, will be sufficiently obvious. This is more particu- 
larly the case in those tracts of low and swampy ground, 
whose outfall lies at a considerable distance, and which 
has previously to pass through ground of a higher level. 
In some instances it has been found necessary to cut drains 
or rather trenches of from ten to twenty feet in depth, and 
this too for several miles in length. 

The late Mr. Savory, of Downham, who gave consider- 
able attention to this branch of civil engineering, states the 
cost of an engine of twenty-horse power fitted up for this 
purpose at fifteen hundred pounds, and that this will do as 
much work as a mill with a forty-feet sail, when in full 
velocity. The advantages that may be derived from the 
use of steam in the fens or marsh country, appears, from 
the same authority, to be of the first importance. In case 
of intense frost, the uniform velocity, with the opportunities 
of communicating heat, would prevent the engine from 
freezing, to which, from the uncertainty of winds, the other 
engines are very much subject. The consequence is, that 
a great fall of snow coming at the same time that the mills 
have not been in a state to prepare the ditches to receive 
the overplus water which it occasions, an inundation gene- 
rally takes place in the fens ; and, as the waters rise very 
rapidly under these circumstances after a thaw, it fre- 
quently occurs, that when the mills are set at liberty from 
the effects of ice, they are for some days incapable of suc- 
cessfully opposing the accumulation of water. On the 
other hand, by adopting the means of steam, the engines 
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woiild be working* in full effect during the continuanc^e of 
a front, and the ditches being kept proportionably low, 
would at ail times be capable of discharging the water, 
and thus prevent inundation. 



IMPROVEMENTS 



EFFECTED BY 



MR. WATT, AND OTHERS, 



DOWN TO THE PRESENT TIME. 



CHAP. H. 

Boulton and Watt — Ccerttoright — Smeaton — Horn blower 
-^High^pressure Engine — Woolf^s Improvements — Ro» 
tatory Engines — Kempel — Sadler — Cooke — Bell^crank 
Engine — Employment of the Steam Engine in North 
America^ and the Colonies — Locomotive Engines. 

In the engine usually ascribed to Newcomen, the steam 
was not employed as an impelling power, but was used for 
producing a vacuum beneath the piston, which was after- 
wards forced down by thie pressure of the atmosphere ; and 
it was left to the masterly and towering genius of an 
otherwise obscure mechanic, to quadruple the force of this 
stupendous machine, and thus by one step, perfect the 
labours of the preceding century. 

Mr. Watt's attention was first drawn to this subject, by 
the examination of a onall mdodel of an atmospheric engipe 
belonging to the University of Glasgow, which he had un- 
dertaken to repair. In the course of bis experiments with 
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itf he found the quantity of fuel and injection water it 
quired, much greater in proportion than in the larger eD- 
Ifines; and it occurred to him, that this must be owing to 
the cylinder of this small model exposing a greater surface 
in proportion to its contents than was effected by larger 
cylinders. This he endeavoured to remedy, by employiogr 
non-conducting substances for those parts of the engine 
which came in inunediate contact with the steam. After a 
variety of experiments, the results of which we shall pre- 
sently describe, he succeeded in constructing a working 
model, capable of producing* a force equal to fourteen 
pounds on every inch of the piston, and which did not re- 
quire more than one third of the steam used in the common 
atmospheric engine to produce the same effect. 

It will be evident that this was as near an approximation 
towards perfection as could possibly have been expected ; 
and indeed much more than was likely to be effected in a 
large engine, &s the vapour left beneath the piston pos- 
sessed only one-fifteenth part of die elastic force of the 
steam employed to form the vacuum. 

Having discovered that the great waste of caloric in the 
old engine, arose from the alternate heating and cooling of 
the cylinder, by the admission and subsequent condensation 
of the heated steam, Mr. Watt perceived that to make an 
engine in which the destruction of steam should be tbe 
least possible, and the vacuum the most perfect^ it was 
necessary that the cylinder should remain uniformly at the 
boiling point; while the water forming the steam was 
cooled down to the temperature of the atmosphere. To 
effect this, he employed a separate condensing vessel^ be- 
tween which, and the hot cylinder, a communication was 
formed by means of a pipe and stop-cock. 

Mr. Watt's first great improvement in the engine of 
Newcomen may be best understood by reference to th^ 
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annexed diagram, in which a represents the cylinder, and 
b its plug or piston made to fit ur-4igfat. The pipe d is 




furnished with a stop-cock, hy means of which the elastic 
vapour is occasionally admitted ; a similar pipe, furnished 
with a stop-cock, at y, passes fittm the other side of the 
cylinder, and enters the vessel ff; e is a reservoir to con- 
tain water. If we now suppose the piston at the bottom of 
the cylinder, and steam admitted by the pipe d, its expan- 
sive force will elevate the piston, and the whole internal 
cavity of the tube will be filled with condensable va- 
pour. Chi closing the steam-cock, and opening that con- 
nected with the vessel g, a portion of the vapour will im- 
mediately expand itself, and ctHuing in contact with the 
cold sides of the vessel, a portion of its beat must be ab- 
sorbed by the water at e. A new supply of steam then 
descends, and is also condensed; and, indeed, the same 
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process continues till the whole of the steam is dmwn from 
the tube. A Facuum being thus formed, the preascune of 
the atmosphere will preponderate, and the piston-rod be 
depressed to the bottom of the tube. On closing the stop- 
cock f^ a new portion of steam may be admitted by the 
other pipe, and after raising the piston the process of c<m- 
densation may be readily repeated. 

The only objection that offered itself to this admirable 
mode of condensation, arose from the difficulty experienced 
in getting rid of the water and air that remained in the 
condensing vessel. When steam was generated from wato- 
that had been freed from air by long boiling, a consider* 
able advantage was obtained; and it was found that a 
power nearly equal to the entire pressure of the atmosphere 
was produced. The great advantage thus obtaii^ will 
be sufficiently obvious, when it is known that, in the en« 
gines previously constructed, the elasticity of the steam 
arising from the heated injection water remaining at the 
bottom of the cylinder, was equal to one-eighth of the at- 
mospherical pressure, and consequently destroyed an equal 
proportion of the power of the engine. 

The mode of condensing the steam, by the applicatioii 
of cold water to the outside of the condenser, was soon 
found inconvenient from the great size and expenise at- 
tendant on the use of this apparatus ; and Mr. Watt intro* 
duced an internal jet of cold water, which, striking against 
the steam, instantaneously reduced it to its original bulk, 
and thus formed a vacuum. To draw off the condensing' 
water, as well as to get rid of the air that was extricated 
during condensation, he found it necessary to employ a 
small pump, worked by the engine, the size of which was 
proportioned to the amount of air and water generated in 
the condenser. In one of the early engines upon this con- 
struction, erected at Bedworth, three air-pumps were used ; 
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two bdow, forked by chains oounected with the 
and a thirds placed above, which received the hot water 
raised by the others. In the engines now constmcted, only 
one air-pump is employed, and this fully answers the in* 
tended purpose** 

Another improvement introduced by Mr. Watt, consisted 
in surrounding the upper part of the cylinder with a cap, 
through a hole in the centre of which the piston-rod work- 
ed airi4ight. The force of steam was then substituted for 
that of the atmosphere, and at a pressure of more than ££• 
teen pounds on the inch; so that when a vacuum was 
formed beneath the piston, steam of considerable impel- 
lent force was entering the upper end of the cylinder, by 
means of a pipe connected with the boiler. 

By thus substituting the force of highly elastic vapour, 
for the ordinary pressiire of the atmosphere, the upper and 

* The steam engine, as first proposed by Mr. Watt, therefore donsisted of 
the boiler and steam cylinder in nearly the same form as used by Newco- 
men and Beighton, as before described, except that the cylinder was coated 
with wood to keep it hot ; and in lieu of the snifting valve and eduction 
pipe, for the escape of the air and condensed water, and the iigection 
pip% to throw cold water into the cylinder, he used an air-pump working 
into the condenser, which was connected by a pipe to the lower part of the 
cylinder, and placed in a cistern of cold water, which was constantly re- 
plenished by a common pump, drawing water from the nearest well or 
spring, and delivering it into the cistern in which the condenser was 
placed^ while the surplus water escaped and ran to waste by an outlet 
in the upper part of the cistern, because the heated water being light- 
er than the cold, and less fit for producing condensation, would natnndly 
rise to the top. The water drawn from the condenser by the air-pump 
was likewise carried away by a drain ; because being in a warm state it 
was unfit to be used again for condensing, but a part of it was thrown 
back into the boiler by a small forcing-pump, in order to supply the waste 
from evaporation. All these several pumps were worked by the beam of 
the engine ; and instead of the cocks or sliders that had before been 
used, new and more perfect valves were adopted for admitting steam, and 
shutting off the communication with the condenser at proper intervals, all 
of which were opened from the motion of the beam by the plug-tree and 
hand-geer introduced by Mr. Beighton. 
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under sides of the piston were preserved at the same tern-* 
perature, and the supply of steam being regulated by the 
width of the aperture, any given amoimt of force might 
readily be produced. In the atmospheric engine this 
could not be effected, as the whole pressure of the atmo- 
sphere was made to act on the piston, the instant the va- 
cuum was formed by the condensation of the vapour be- 
neath ; so that in the event of a pump-rod breakii^, b^ 
which thie elevation of the water might be impeded, and 
the labour of the engine takeA off, the rapid descent of the 
piston would evidently cause the destruction of the entire 
apparatus. 

Soon after the completion of his first model, Mr. Watt 
erected an engine for his friend Dr. Roebuck of Kinneil, 
near Borrowstownness, with whom he was afterwards as- 
sociated in the manufacture of his impi:oved engine: the 
latter gentleman, however, in 1774, disposed of his share of 
the business to Mr. Boulton, of 8oho.# 



* From this nursery of ingenuity has originated some of the noblest and 
most striking cheft ttenivre of mechanical art yet witnessed. The following 
account of this celebrated manufactory is from the pen of Dr. Darwin. 
It was written in 1768, and when the manufactory, although " big with 
promise," was little more than a type of its present magnitude. 

*^ Soho is the name of a hill in the county of Stafford, about two miles 
from Birmingham, which a very few years ago was a barren heath, on the 
bleak summit of which stood a naked hut, the habitation of a warrenner. 

'' The transformation of this place is a recent monument of the effects 
of trade on population. A beautiful garden, with wood, lawn, and water 
now covers one side of this hill ; five spacious squares of building, erected 
on the other side, supply workshops or houses for about six hundred peo- 
ple. The extensive pool at the approach to this building, is conveyed to 
a large water-wheel in one of the courts, and communicates motion to a 
prodigious number of different tools. The mechanical inventions for this 
purpose are superior in multitude, variety, and simplicity, to those of any 
manufactory in the known world. 

f* Toys and utensils of various kinds, in gold, silver, steel, copper, tor- 
toise-shell, enamels, and many vitreous and metallic compoj^itions, with 
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We have already stated^ that Dr. Falck described an 
eng'ine with two cylinders as early as 1779, which he caiU 
ed a double acting engine; but similar advantages were 
obtained by Mr« Watt in an engine with a single cylinder. 
To effect this, he applied the power of the steam to press 
the piston upwards as well as downwards, by forming the 
vacuum alternately above and below the cylinder. When 
it became necessary to connect the piston and beam for an 
upward, as well as for a downward stroke, a xlouble diaih 
acting on an arch head was substituted for the single one 
previously employed ; and this was speedily superseded by 
a rod ccmnected with the working beam, by means of a 
parallel motion. 

The Expansion Engine was also invented by Mr. Watt, 
and though not generally employed until 1778, appears 
from a letter written by him to a gentleman of Birming- 
ham, to have su^ested itself as early as 1769. The prin- 
ciple of this invention consists in shutting off the farther 
entrance of steam from the boiler when the piston has been 
pressed down in the cylinder, for a certain proportion of 
its total descent, leaving the remainder to be accomplish- 
ed by the expansive force of that steam already intro- 
duced. 

To regulate the time of closing this valve, and as such 
the precise amount of steam admitted, Mr. Watt employs a 
plug-fi*ame with moveable pins, which may be placed in 
such a planner that the steam-valve will shut when the 



gilded, plated, and inlaid works, are wrought up to the highest elegance 
of taste, and perfection of execution in this place. 

" Mr. Boulton, who has established this great work, has joined taste and 
philosophy with manufacture and commerce; and from the various 
branches of chemistry, and the numerous mechanic arts he employs, and 
his extensive correspondence to every comer of the world, is furnished 
with the highest entertainment, as well as the most lucrative employ- 
ment." 
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would be working in full effect during the continuance of 
a frost, and the ditches being kept proportionably low, 
would at all times be capable of discharging the water, 
and thus prevent inundation. 
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Cornwall. It is upon Mr. Watt's double-action principle, 
and is loaded to exert its utmost force. The steam«cylin- 
der is sixty-three inches in diameter, and raises watar 
equally in the ascent or descent of the piston. The 
weight of wiater in the pumps is 82/)00 pounds; and 
with this load it makes 6^ double strokes per minute, of 
7| each, or it gives to the load lOOl feet motion per mi* 
niite. To effect this, which is equivalent to raising 
8,261,500 pounds, lifted one foot high^ or the power of 
250 horses, it is necessary to consume about thirty«one 
pounds of coal per minute. 

In 1797, the ingenious Mr. Cartwright, well known for 
the value and variety of his scientific avocations, invented 
a mode of applying the vapour of alcohol, or other ardent 
spirit, as a substitute for common steam. In addition to 
the saving to be effected by this plan, Mr. Cartwri^t in- 
tended to employ his engine as a istill, by which the whole 
c68t of fuel would be saved.* Such a method, however. 



' * It is carious, that a distinguished chemist tf the present day should 
hare suggfested the eonstmetion of an engine on the following plan, whieh, 
it will be seen, is nearly similar to that described in Mr. Cartwright's 
specification. 

" Since the vapour of alcohol, having the same elastic force as the at- 
mosphere, contains -^ of the latent heat of ordinary steam, and since its 
elastic force is doubled at the 206th degree (six below the boiling heat of 
water) with perhaps one-third of additional caloric, might we not, in par- 
ticular circumstances, employ this vapour for impelling the piston of a 
steam engine ? The condensing apparatus, could be, I imagine, so con- 
structed, as to prevent any material loss of the liquid, while more than a 
quadruple power would be obtained from the same size of cylinder at 212o, 
with an expenditure of fuel not amounting to one half of what aqueous 
vapour consumes ; or the power and fuel would be as three to one, 
calling their relation in ordinary steam one to one. A considerable en- 
g^e could thus also be brought within a very moderate compass. Pos- 
sibly, after a few operations of the air-pump, the incondensible gas may 
be so effectually withdrawn, that we might be permitted to detach this 
mechanism, which, though essential to common engines, takes away one- 
fourth of their power. In a distillery in this country, or on a sugar-estate 
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supposes a capability of blending the business of a distiller 
with a variety of trades, to which it is totally inapplicable. 
A scheme somewhat similar to this, and to which we shall 
afterwards more fully revert, has lately been attempted by 
Colonel Gongreve, in which he proposes to burn a large 
portion of chalk mixed with the coal, and thus convert the 
furnace into an efficient lime-kiln. From this view of the 
subject, we think it will he seen, that however plausible 
or ingenious this invention may appear in theory, there are 
insuperable objections to its general emplo3rment. We are 
still, however, greatly indebted to Mr. Gartwright for the 
mechanical arrangement of the engine described in his 
patent, as it furnishes the first hint of an elastic metal pis-^ 
ton, which has since been found of the gireatest use in 
high-pressure engines. 

The first Portable Steam Engine appears to have been 
constructed by Mr. Smeaton, who employed it for draining 
foimdations and other temporary works. It had a pulley, 
or wheel, to receive the chain which communicated mo- 
tion frcMn the piston to the pump-rod, instead of a beam. 
The pivots of the wheel were supported by two inclined 
beams connected at top, whilst the cylinder and pump 
were bolted down to the groundsills. Thus, the whole 
machine being supported by one frame of wood, it could 
without trouble be set to work in the open air. The boiler, 
which required no setting in brick work, was in the shape 
of a tea-kettle, and the fire-place being in the centre, was 



in the colonies, a trial of this plan might perhaps be made with advantage. 
While exercising its mechanical functions of grinding, mashing, or squeez- 
ing the canes, it would be converting ordinary into strong spirit for recti- 
fication, or for the convenience of carriage. Might not such an engine be 
erected on a small scale, for many purposes of domestic drudgery ? It 
would unquestionably furnish a beautiful illustration in philosophy, to 
make one small portion of liquid, by the agency of fire, imitate the cease- 
less circulation and restless activity of life.''«~Phil. Tran. vol. cviii. p. 998. 
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surrounded on all stdes by water, thus presenting the great- 
est possible surface to the action of the flame. Portable 
steam engines are now employed not only in the erection 
of bridges, and, in undei^ound excavations, but are also 
usefully applied to the purpose of propelling vessels and 
carriages : the latter application is of a very recent date. 
Steam navigation, however, from its great national import- 
ance, will deservedly find a place in a separate division of 
this work. 

The principle of the high-pressure steam engine depends 
on the power of steam to expand itself very considerably 
beyond its original bulk, by the addition of a given por- 
tion of caloric, thus acquiring a considerable elastic forces, 
which, in this case, is employed to give motion to a piston. 
One of the greatest advantages attendant on employing the 
repellent force of steam, as in this form of the engine, c(hi- 
sists in an evident saving of the water usually employed in 
condensation ; and this, in locomotive engines, for propel- 
ling carriages, is an object of considerable importance. 

Leupold has furnished a description of a high-pressure 
engine, in a very valuable work on machines, published in 
1724. He ascribes the invention to Papin, and his appa* 
ratus consists of two single cylinders placed at some dis- 
tance from each other, each of which is provided with a 
piston made to fit air-tight, and connected with a forcing 
pump. 

When high-pressure steam is admitted at the bottom of 
the first cylinder, it is forced upwards, carrying with it the* 
lever of the pump ; at the same time that the steam or air 
is expelled from the other. On this operation being re- 
peated, or rather reversed, the steam is allowed to enter the 
second cylinder, which is also connected with the boiler, 
while the steam in the first cylinder is allowed to escape 
into the air. From this it will be evident that the process 
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of fondensation forms no part of the principle of the h^^ 
prenure engine; and that the expansion of gonpawder 
mig'ht be made to produce a precisely similar effect. 

The amazing force to be produced by the expansioii of 
highly elastic vapour, did not escape the penetrating notice 
of that towerinir irenins. which was now directinir all its 
enenrie. towZ ^ im;roven>e„t Accor^i^we find 
in Mr. Watt's first patent, the following clause, which exm 
pressly describes this engine : ^* 1 intend, in many tiaaes, to 
employ the expansive force of steam to press on the pis- 
tons, or whatever may be used instead of them, in the aame 
•manner as the pressure of the atmosphere is now employed ' 
in common fire-engines. In cases where cold water can* 
not be had in plenty, the engines may be wroi^ht by the 
force of steam only, by dischai^ng the steam into the open 
air after it has done its ofiiice." 

Messrs. Trevithick and Vivian were the first to emplojr 
the high-pressure engine to advantage, as they found it 
admirably adapted for the purpose of propelling caniagei. 
In this case the steam, after having performed its oAee, 
was thrown off into die air ; and the condenser, togelber 
with the necessary supply of cold water which must liavne 
accompanied it, was by this means dispensed with. For 
the purpose of motion, the high-pressure engine certainly 
possesses considerable advantages, not the least of whidi 
are its cheapness and portability; the danger, however, 
attendant on the use of steam, acting with a force equal to 
from forty to eighty pounds on the square inch, must in^ 
evitably form an insuperable bar to its general introduction 
to our maimfactures. 

Mr. WooIPs improvements, which are of considerable 
importance, are founded on the same principle as those of 
Mr. Watt, namely the power of steam to expand itself, or 
increase its volume in a very considerable degree, after ita 
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passage from die boiler* From a variety of experimeiits 
made on this subject, he ascertained that a quantity c^ 
steam having the force of five, six, seven, or more pounds 
on every square inch of the boiler, may be allowed to ex- 
pand itself to an equal number of times of its own volume, 
when it would still be equal to the weight of the atmos- 
phere, provided that die cylinder in which the expansion 
takes place, have the same temperature as the steam pos- 
sessed befinre it b^an to increase. • 

The most economical mode of employing this principle, 
consists in the ap[dication of two steam-cylinders and 
pistons of unequal size to a high-pressure boiler; the 
smaller of which should have a communication both at its 
top and bottom, with the steam vessel. A communication 
being also formed between the top of the smaller cylinder 
and the bottom of the larger cylinder, and vice versa. 
When the engine is set to work, steam of a high tempera- 
ture is admitted from the boiler to act by its elastic force 
on one side of the smaller piston, while the steam which 
haA last moved it, has a communication with the larger or 
condensing cylind^. If both pistcms be placed at the top 
of their respective cylinders, and steam of a pressure equal 
to forty pounds die square inch, be admitted, the smaller 
piston will be pressed down, while the steam below it, in- 
stead of being allowed to escape into the atmosplrcre, or 
pass into the condensing vessel, as in the common engine, 
is made to enter the larger cylinder above its piston, which 
Will make its downward stroke at the same time as that in 
the smmll^ cylinder ; and, during this process, the steam 
which last filled the larger cylinder, will be passing into 
the ccHidenser to form a vacuum diu*ing the downward 
stroke. 

To perform the upward stroke, it is merely necessary to 
reverse the action of the respective cylinders; and it will 

d2 
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be effected by the pressure of the steam in the top of tlie 
small cylinder, acting beneath the piston in the great 
cylinder ; thus alternately admitting the steam to the difm 
ferent sides of the smaller piston, while the steam last 
admitted into the smaller cylinder, passes r^ularly to the 
different sides of the larger piston, the communicatida 
between the condenser and steam boiler being reversed at 
each stroke. ^ . 

The economical application of this engine, may however 
be best understood by an examination of its effective -force 
when applied to the raising of water. It appears that a 
double cylinder expansion engine was constructed Sat 
Wheal Vor mine in 1815. This has a great cylinder <yf 
fifty-three inches in diameter, and nine feet stroke, the 
•mall cylinder being about one-fifth of the contents of the 
great one. The engine works six pumps, which at every 
stroke raise a load of water of 37,982 lbs. weight, seven 
feet and a half high. This produces a pressure of 14.1 Iba, 
per square inch on the surface of the great piston, while 
its average performance may be estimated at 46,000,0001ba. 
raised one foot high with each bushel of fuel. 

The great mass of inert matter contained in the workup 
beam of the reciprocating engine, must of necessity pro- 
duce a proportionate waste of power ; each elevation o( the 
piston causing a change from a state of rest to motiim, and 
vice versa. This, however, is in no small d^ree enhanced, 
by the necessity of employing a fly-wheel of considmble 
weight to equalise its motion. To prevent this loss of 
power, a variety of contrivances have been suggested, for 
the purpose of producing a continuous action, without the 
intervention of a cylinder and piston, thus dic^nsing with 
the beam and fly-wheel. 

To produce a continuous rotatory motion, is, howeyer^ 
little more than a return to the simple principles on which 



OF THE STEAM ENGINE. 37 

the earli^ engfineB were constructed. We have already 
stated, that the Italian philosopher, Brancas, directed steam 
of great expansive force against the vanes of a wheel, 
which was employed to give motion to a stamping press, 
though the force obtained must have been very inconsider<« 
able. The principle of this invention was also applied to 
a very ingenious, though we fear useless rotatory engine; 
constructed by Kempel. 

It consisted of a hollow cylinder,, furnished with two 
arms, at the end of which were transverse apertures ; and 
this was connected with a large seolipile or boiler, by means 
of a moveable socket. The steam employed to drive the 
arms was of great elasticity, and rushing out at the apertures 
with considerable violence, produced a rotatory motion. 

About the same period, Mr. Sadler, of Oxford, took out 
a patent for a similar machine, though we are not aware 
that it was ever usefully employed, the rarity of steam 
being such, that even if none be condensed by the cold of 
the atmosphere, the impulse must necessarily be exceed- 
ingly feeble, and the expense of steam, to produce any 
serviceable effect on the machinery, exceedingly great. 

A very ingenious, eCad not less simple mode of producing 
a continuous rotatory motion, is described by Mr. J. Cooke 
in the Transactions of the Irish Academy.* It consisted 
of a wheel, with moveable valves or flaps on its circum- 
ference, turning freely on joints, which admitted their 
openings only to a line passing through the centre of the 
wheel. These, when closed, lay exactly on a level with 
its outer extremity, but when open fell down perpendicular 
to it. The wheel, thus formed, was enclosed in a case, 
which fitted it exactly, while the upper valves were close 
and the lower extended. The steam in its passage from 

- Vol. iii. p. 113. A. D. 1789. 
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/fte boiler to the condenser, pushed the extendi V&tVeH, 
and thus gave motion to the wheel. A workmg* model of 
this en^e, without the condenser, was, we belieye, ex- 
hibited before several members of the academy. In this 
instance, however, it must have acted as a higb-preasure 
engine, discharging the steam at each division of the 
wheel ; and we very much doubt whether it would be 
sible to pack the hanging valves suiBciently tight to 
their readily fidling to the position described by Mr. Codke^ 

Several other attempts have also been made to produce 
a continuous rotatory motion, the most important of whidi 
will be found in the descriptive part of our work, and in 
the analysis of patents. Appendix (A.) 

In Messrs. Boulton and Watt's Belt^crank Engine^ the 
cylinder is supported by brackets proceeding from a cast- 
iron condensing cistern, and is placed over one end of it. 
The beam which is formed like a right-^mgled triangle^ 
has its centre of motion at the right angle, and the axis of 
it is supported by bearings screwed to the cistern ; and at 
the opposite end to that upon which the cylinder is placed^ 
the horizontal arm of the triangle forms the workii^ aim 
of the beam, to the extremity of which the power of die 
cylinder is applied. The connecting rod is jointed at die 
upper end of the perpendicular arm, and extends to the 
crank, which is supported in bearings screwed to the 
cistern at the same end at which the cylinder is placed, 
the centre of motion being at the same level with the tof^ 
of the cistern ; and beneath the cylinder, the hypotbenuse 
of the triangle of the beam forms a brace to strengthen it. 
Two of these beams are used, and are applied on oppositci 
sides of the cistern, upon the same axis of motion, and are 
united together by cross rods, thus forming two ocMmect-- 
ing rods and cranks upon one axis of motion, the fly-wheel 
being placed at one extremity of the axis. To connect tlie 
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pisloiiHrod wMi the ends of die aims, of the beam, or the 
base of the triangle, a rod is fixed across the top of the 
piston-rod ; and to the two ends of this two other rods are 
linked, whidi descend to the beam, and are pointed to it 
at the ends. By this means, the ascent and descent of the 
piston-rod produce a corresponding action of the beam 
upon its centre of motion; the upper end of the perpendi* 
cular arm moving backwards and forwards, thus by means 
of the connecting rods turning the cranks. The rods 
which descend from the bar, which is fixed across the top 
of the piston-rod to the ends of the beams, are so con- 
structed, as to preclude the necessity of employing the 
parallel motion. This engine is very compact ; it requires 
no fixing, and the air-piunp which is placed in the middle 
of the cistern, is worked by tvi^o rods jointed to the hori- 
zontal arms of the beams. 

The atmosphmc engine was first employed in North 
America, abotit 1760, and two engines on this principle 
were erected in New England before the revolutionary 
war. One was also employed for the purpose of draining 
Schuyler copper mine, on the river Passaick, in New 
Jersey. The greater part of these engines, however, were 
executed in England. Some idea of the slow progress 
which has been made by our transatlantic brethren, in this 
very important invention, may be furnished by the follow- 
ing fact, that no more than four engines of any importance 
were at work in the whole continent of Ammca at the 
banning of the present century. Of these, two were 
erected at New York, the first of which was employed for 
the supply of that city ^ith water,^ and the other gavA 

'^ This engine is upon the principle of Boulton and Watt's doable action 
^gines. It has two boilers ; one of wood, and the other of sheet iron. 
The fly is driven by a sun-and-planet wheel, and the shaft wcnrks thret 
small pumps. 
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motioii to a fiaw-mill. The remaining two were erected 'at 
Philadelphia^ and belonged to the corporation of that ci^. 

The city of Philiulelphia was for many years supplied 
with water by means of a low-pressuire engine ; Mr* [Eyans, 
the Trevithick of America, has, however, lately siibstitutied 
a high-pressure engine in its place* By this means, in 
fuel alone, a saving of seventeen dollars per day has been 
effected. 

Trinidad appears to have been the first West Indian 
colony in which the resident planters could overcome their 
ancient prejudice in favour of the cattle mills, whidh ate 
still generally employed on sugar estates. Mr. William 
Lushington, who had a considerable property on that island, 
introduced a large engine by Boulton and Watt in 1804; 
and so great was the saving effected by its use, that the 
labour of three mills, each of which was equally expensive^ 
was usually performed by the one machine. 

From the result of some experiments made with two 
steam engines, constructed by Mr. Maudslay (or the 
island of Ceylon, it appears, that this species of power has 
been equally efficient in the dressing of rice and prepar»- 
tion of oil. The apparatus employed for this purpose Was 
contrived by Mr. Hoblyn, a gentleman well known far his 
distinguished scientific attainments, and it has been found 
that, allowing three hundred working days in the year, 
add the engines to work ten hours per day, they would 
annually convert 576,000 pounds of paddy into a quantity 
of rice equal to 147,347 bags, which, at nine rix-dollars a 
bag, would amount to £116,035 sterling, while the same 
quantity of paddy being converted into rice by the com- 
mon method, would produce only £64,799. The saving, 
therefore, by these two machines, is more than £50,000 
per annum. 

The introduction of this valuable mechanical sgent to 
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the miii60 of SbQth America, did not take place till 1815 ; 
and in the following year a report on the subject was pub-^ 
lished in the Lima Grazette. After describing this import- 
ant event, it adds, '* Immense and incessant labour, and 
boundless expense, have conquered difficulties hitherto 
esteemed altogether insuperable ; and we have, with un- 
limited admiration, witnessed the erection, and astonishing 
operation of the first steam-engine. It is established in the 
celebrated and royal mineral territory cdled the mountain 
Yaiiricoeha, in the province of Tarma; and we have the 
felicity of seeing the drain of the first shaft in the Santa 
Rosa mine, in the noble district of Pasco." They add, 
'^ We are ambitious of transmitting to posterity, the details 
of an undertaking of such prodigious magnitude, from 
which we anticipate a torrent of silver, that shall fill sur- 
rounding nations with astonishment." 

It appears that the new world was principally indebted 
to the agency of M. Franqois Uville for this improved era 
in their mining annals. This gentleman having found that 
a large portion of the most valuable mines in Peru was 
falling into decay, and in some cases totally drowned from 
the impossibility of draining them by manual labour, ap- 
plied to Mr. Trevithick of Camborne in Cornwall, one of 
the patentees of the high-pressure engine. This ingenious 
mechanic applied himself with such extraordinary dilf- 
gence to the subject, that in less than nine months the 
materials for as many engines w^re completely ready for 
their destination. The apparatus, which cost about ten 
thousand pounds, was embarked at Portsmouth in the 
beginning of September, 1814, accompanied by M. Uville 
and three Englishmen, to superintend the erection of the 
machinery. 

Mr. Trevithick was afterwards employed as engineer to 
the Rc^al Mint established at Lima, and on his arrival in 
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South Amerk^ was received with such enthuaiafltic gnti- 
tude, that the Lord Warden proposed to ^ «fect his statue in 
massive silver." The engines employed were exduaivdy 
on the high-pressure principle, and will be found under 
his patent in the Appendix. Indeed this appears to be 
the only cheap engine likely to act with an advanlag«oas 
effect, the extreme rarity of the atmosphere in those ele» 
vated r^ons, precluding the economical use of the 
mon atmospheric engine. 

We have hitherto viewed the steam engine, when 
ployed as a substitute for animal force, in giving moticn to 
mills, raising of water, and a variety of other employmenti^ 
all of which, however, are of a fixed and stationary nature. 
But some progress has likewise been made towards the 
application of the same power to moveable machinery, and 
when constructed for this purpose it is called a locamoiioe 
engine. 

The employment of an internal mechanism to impel 
waggons on a plane road is of very early date, but the first 
application of the steam engine to this purpose took place, 
we believe, in the Royal Arsenal at Paris, towards the 
close of the last century. From this time till 1802; but 
little progress appears to have been made in the use of this 
species of wheel carriage ; but about the latter period, 
Mr. Trevithick conunenced a series of experiments on the 
use of the high-pressure engine for the above purpose; 
and this, with some improvements, has since been adopted. 

When these engines were first tried, it was found difficult 
to produce a sufficient degree of re-action between the 
wheels and the track road, so that the former turned round 
without advancing the vehicle. This was remedied by 
Mr. Blenkinsop, who, wh^ti he adopted this species of coom 
veyance, took up the common rails on one side of the 
whole length of the road, and replaced them with rails 
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which had large teeth projectiag from the outside, 
and in theee the propelling wheel of the carriage was 
made to act. Since this period, the steam -carriage has 
been most successfully employed on the Manch^ter aud 
other railways ; and its value, as a vehicle for ordinary 
roads, has been placed in a clear light by a Committee 
of the House of Commons, for an analysis of whose labours 
we must refer our readers to the Appendix. 

The steam-carriage, or rather steam-drag, invented 
by Mr. Gumey, was in active operation for a considerable 
length of time. It is represented in the subjoined wood- 




cut. The boiler a a is furnished with a steam-pipe h, which 
passes under the body from the boiler till it comes to 
the fixed point n, and from thence down to the valve- 
box c of the cylinder d, A little above e is placed the 
wheel of the parallel motion, which runs horizontally 
betwixt the parallel bars g g. The water-pump is seen 
above, and worked by a connexion with the piston-rod. 
A contrivance p is placed for conveying the power from 
the crank-shafts to the circumference of the hind wheel, 
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CHAP. III. 

Introduction and Improvements effected by Hulls — Du- 
quet — Jouffroy — Fulton — Miller — Symington — Stan- 
hope — Linnaker — Thames and Clyde boats — Progress 
of Steam Navigation in America. 

The possibility of employing steam as a moving power 
in the navigation of vessels, was known early in the last 
century ; its practical application however, on a large 
scale, has not been fully established above twenty years. 

In 1698, Savery recommended the use of paddle-wheels, 
similar to those now so generally employed in steam ves- 
sels, though without in the remotest degree alluding to his 
engine as a prime mover ; and it is probable that he in- 
tended to employ the force of men or animals working at a 
winch for that purpose. About forty years after the pub- 
lication of this mode of propelling vessels, Mr, Jonathan 
Hulls obtained a patent for a vessel in which the paddle- 
wheels were to be driven by an atmospheric engine of 
considerable power. 

In describing his mode of producing a force sufficient 
for towing of vessels, and other purposes, the ingenious 
patentee says, *' In some convenient part of the tow-boat 
there is placed a vessel about two-thirds full of water, with 
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raised one metre. Then the total of the steam engines in 
England represents a power of 320,000 horses. These en- 
gines, moved for twenty-four hours^ would raise 862,800,000 
tons one metre high, and consequently ^7, 100,000 tons in 
eighteen hours, which surpasses the produce of labour 
spent in raising the materials of the great pyramid. 
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CHAP. III. 

Introduction and Improvements effected by Hulls — Du- 
quet — Jouffroy — Fulton — Miller — Sym ington — Stan- 
hope — Linnaker — Thames and Clyde boats — Progress 
of Steam Navigation in America, 

The possibility of employing steam as a moving power 
in the navigation of vessels, was known early in the last 
century ; its practical application however, on a large 
scale, has not been fully established above twenty years. 

In 1698, Savery recommended the use of paddle-wheels, 
similar to those now so generally employed in steam ves- 
selsy though without in the remotest degree alluding to his 
engine as a prime mover ; and it is probable that he in- 
tended to employ the force of men or animals working at a 
winch for that purpose. About forty years after the pub- 
lication of this mode of propelling vessels, Mr. Jonathan 
Hulls obtained a patent for a vessel in which the paddle- 
wheels were to be driven by an atmospheric engine of 
considerable power. 

In describing his mode of producing a force sufficient 
for towing of vessels, and other purposes, the ingenious 
patentee says, *' In some convenient part of the tow-boat 
there is placed a vessel about two-thirds full of water, with 
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the top close shut ; this vessel being kept boiling;, rarefies 
the water into steam ; this steam being; conveyed through 
a large pipe into a cylindrical vessel, and there condensed, 
makes a vacuum, which causes the weight of the atmos- 
phere to press on this vessel, and so presses down a piston 
that is fitted into ^is cylindrical vessel, in the same man- 
ner as in Mr. Newcomen's engine, with which he raises 
water by fire. 

** It has been already demonstrated that when the air is 
driven out of a vessel of thirty inches diameter, (which is 
but two feet and a half,) the atmosphere will press on it to 
the weight of four tons sixteen cwt. and upwards ; when 
proper instruments fiir this work are applied to it, it must 
drive a vessel with great force." 

The accompanying engravmg represents Mr, Hulls* tow. 
boat, copied from the very rare work by the inventor. 




Mr. Hnlls' patent is dated 1736, and he su^ested the use 
of a crank to produce the rotatory motion of his paddle- 
wheels ; this ingenious mode of converting a reciprocating 
mto a rotatory motion, was afterwards recommended by the 
Ahbi Amal, Canon of»Alais in Laiiguedoc, who, in 1781, 
proposed the crank for the purpose of turning paddle- 
wheels in the navigation of lighters. 

^is probable that Mr. Hulls anticipated some objection 
to his |iew mode of propelling vessels, and it appears from 
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Captain Savery's statement, to which we haFe already 
alluded, that a strong prejudice hiul been raised against 
the use of propelling wheels in yessels. Mr. Se<aretary 
Trenchard, who was at that time at the head of the Ad- 
miralty, had also given a decided n^ative to the pix^iosi- 
tion. In answer therefore to the objections which might 
have been anticipated, Mr. Hulls proposed the following 
queries, which he afterwards solved in the most satisfiustmy 
way. 

^ Query 1. — Is it possible to fix instruments of safBcimit 
strength to move so prodigious a weight, as may be con- 
tained in a very larg^ vessel ? 

^^Anstoer. — All mechanics will allow it is possible to make, 
a machine to move an inunense weight, if there is force 
enough to drive the same, for every member must be made 
in a proportionable strength to the intended work, and pro- 
perly braced with laces of iron, so that no part can give 
way, or break. 

** Query 2. — Will not the force of the waves break. any 
instrument to pieces that is placed to move in the water f 

^ Anstoer. First, It cannot be supposed that this madiine 
will be used in a storm or tempest at sea, when the waves 
are very raging ; for if a merchant licth in a harbour, &c 
he would not choose to put out to sea in a storm, if it were' 
possible to get out, but rather stay until it were abated. 
Secondly, when the wind comes ahead of the tow-boat, the 
fans will be protected by it from the violence of the waves, 
and when the wind comes side-ways, the waves will come 
edge-ways of the fans, and therefore strike them with the 
less force. Thirdly, there may be pieces of timber laid to 
swim on the surface of the water on each side of the fans, 
and so contrived as they shall not touch them, which will 
protect them from the force of the waves. 

^'Up inland rivers .where the bottom can possibly be 
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reached^ the fans oiay be taken out, and cranky placed at 
the hindmost axis to strike a shaft to the bottom of the 
rirer, which will drire the i^essel forward Irith the greater 
force. 

** Query 3. — It being a continual expense to keep this 
madiine at work, will the expense be answered? 
. ^ •Answer. — ^The work to be d<Mie by this machine will 
be upon particular occasicms, when all other means yet 
found out are wholly insufficient. How often does a mer^^ 
chant wish diat his ship were on the ocean, when, if he 
were there, the wind would aerve tolerably well to carry 
him on his intended voyage, but does not serve at the same 
time to carry him out of the river, &c. he happens to be in, 
which a few hours' wcN'k at this machine would do. Be^* 
sides, I know engines that are driven by the same power 
as this is, where materials for the purpose are dearer than 
in any navigable river in England, Experience, there- 
fore, demonslrafes, that the expense will be but a trifle to 
the value of the work performed by those sort of machines 
which any person who knows the nature of those things^ 
may easily calculate." 

M. Duquet appears to have tried revolving oars as early 
as the year 1699, and experiments were made with them 
on a large scale both at JM^seilles and at Havre :* this 
mode, however, of impelling vessels was soon given up as 
impracticable ; and after our countryman. Hulls, the Mar- 
quis de Jouffiroy unquestionably holds the most distin-* 
guished rank in the list of practical eng^eers, who have 
added to the value of this invention. 

It is evident from an article published in the Journal 
des DebatSf that in 1781 the marquis constructed a steam- 



« Vide Recueil de Machines approuv^et par L* Acad^mie Royale de 
Sciences, tome i. 173. 
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boat at Lyons, of 140 feet in length. With this he made 
seyeral successfiil experiments on the Saone, near that city. 
The events of the reyolution, which broke out a few yean 
afterwards, prevented M. de Joufiroy from prosecuting' this 
undertaking, or reaping any adyanfage from it. On his 
return to France after a long exile, in 1796, he learned 
from the newspapers that M • de Blanc, an artist of TreFoox, 
had obtained a patent for the construction of a steam^boat 
built probably from such information as he could pnxmro 
relatiye to the experiments of the Marquis. The latter ap» 
pealed to the government, which was then too much occa- 
pied with public affairs to attend to those of individuala. 
Meanwhile Fulton, who had gained the same informatimi, 
and was making similar experiments near the Isle dee 
Cygnes, alarmed M. De Blanc, who knew that he had 
much more to fear from the influence and mechanical skfll 
of an Agio-American, than from that of an emigrant. He 
accordingly alleged his patent right, and requested the 
stoppage of Mr. Fulton's works, who returned for answer, 
that his essays could not affect France, as he had no in* 
tention to set up a practical competition upon the rivers of 
that country, but should soon return to America, which he 
actually did, and commenced the erectioji of those eng^inea 
to which he has since laid claim as exclusive inventor.* 

Shortly after the first experiments were made by the 
Marquis de Jouffroy, a gentleman of the name of Miller,. 
who resided at Dalswinton, published a work, in which he 
described the application of wheels to the workii^ of 



* The Qnarterly Review, in an admirable article inserted in the tMrtj. 
eighth number of that work, very justly exposes the pretensions of the 
Americans to this invention ; and points out some of the advantages which 
society owes to the above modest and yhilanihropic individual, not the least 
of which is the attempted introdjaction of the torpedo, and other apparatus 
for destroying human life by wholesale. 
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triple vessels xm canals; iind ia 1794 he completed a mo** 
del of a boat on this construclion, impelled hj a steam 
engine. 

' From this period till . 1801, but little process appears to 
have been made in this species of navigation i in that yeajt 
Mr. Symington, irbo had been employed in the construo* 
tion of Miller's ress^l, tried a boat propelled by steam ob 
the Forth-<md-Clyde Inland Nav^aticm; this, ,lioweTer, 
tra)s sholtly laid aside, on account of the injury ifntb 
which it threatened the banks of the canal, fi^om the fic^ 
lent agitation produced by the paddle-wheels. 

Mr Syming^n's mode oi connecting the piston and pad* 
die-wheel, was by piax»n{^^^'.t^ nearly in an hori* 

4sontal position, so thiit by this meam the necessity of em- 
ploying a working beam was avoid<ed. The piston was 
also supported in its position by friction-wheels, and com- 
municated, by means of a rod, with a^crank connected with 
the wheel, which imparts a motion to a paddle somewhat 
j^.^ ^wer thaa its own. The paddle wheel was placed in the 
aiBcttC<>f the boat towards the stem, and on this accolHit 
it b^sf^pie tieceasaiy ^ have a double nidd^» ommeeteil by 
rod«^'i^ii^%^pe ma«i^ head of 

the boat. 

Mr. Syming^n also employed stampers placed at the 
head of the boat, for the purpose of breaking the ice on 
cansds; mid this plan, we beliere, was also adopted in the 
original construction of the vessels intended for the Arctii: 
expedition. 

In 1795, a very ingenious apparatus was invented by 
Lord Stanhope, and tried by that nobleman in Greenland 
Dock. In this experiment, the paddles were made to re^ 
semble the feet of a duck, and were placed under the 
quarters of the vessel. This plan was idso tried in Ame« 

E 2 
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nca, but it doe» not ^pear in eith« case to hare amwtsted 

the expectation of its projector. 

A plan has also been tried which in aome measure re- 
sembles the endlew chain of a pump. This was, we beliere, 
first employed ontheDukeof Bridgewatcr'scanal.aiidcMi- 
Mstfi in &e use of a chain, with a number of paddle* attached 
to it, going over two wheels placed level with the vater Ime. 
A steam engine acting on the foremoat roller, fptre m<N 
tton to the chain, and a continuous parallel motion wm 
thus effected. 




In the above species of Bleam>boat as described by Sfav 
Gladstone, there is a diaft or axle of iron, paning^ in tbs 
uanal manner through the sides of the veuel. On each 
end of tliis shall, on the outside of the vessel, are firmly fivd 
two wheels of cast-iron, provided with studs or teeth round 
the whole circumference of each wheel, as repraaeDted is 
the figure at A, The distance between die two wheels gf 
each pair, must be in prc^rtion to the intended length of 
the flualH or paddles. The propelling power b to he oon- 
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municated to the shafts by the usual means, and thus a 
rotatory motion is given to both pair of wheels. 

Two cast-iron wheels, with their circumference smooth^ 
are fixed on an axle on each side of the vessel at B^ and 
their axles must be of sufficient length to allow the two 
wheels of each pair to be fixed at the proper distance for 
receiving the chains and paddles, which are to pass over. 

Two endless chains are applied to the wheels, one of 
which is shewn so that one passes round each of the stud- 
wheels and its corresponding plain wheel, as at D. Across 
these chains the paddles or floats are fixed, and between 
each pair of paddles the two chains are connected by cross- 
bars of wood or iron, which are parallel to the paddles, and 
are securely bolted to both chains, so as to keep them at a 
proper distance, to suit them to the wheels, and prevent 
them having any lateral motion from the action of the surge. 

The chains have openings at such distances as to fall ex- 
actly on the studs of the wheels, in order that the chain 
may always take hold of the studs, during their rotation, 
so as to prevent their slipping on the wheels, although so 
slack as to form a curve in the water. The paddles are to 
be fixed in such a manner, that they will be perpendicular 
to the surface of the water, during their course between 
the wheels A and B, even when the resistance to their mo- 
tion is greatest. 

On the outer edges of each adjoining pair of wheels, 
there is a projecting edging or rim, so that the two con- 
nected chains, with their strikers and paddles, may easily 
fall between the rims, thus afibrding an additional security 
against the effect of the surge, in displacing the chains. 
The length and breadth of the paddles must always be in 
proportion to the dimensions of the vessel. 

In 1800, Mr. Linnaker obtained a patent for propelling 
vessels by forcing a stream of water from the stern, a 
fresh supply being at the same time drawn in at the head 
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of the vessel. This ingenious contrivance, however, appears 
to have been practised nearly a century back : a very cir- 
camstantial account of the apparatus for this purpose beiog 
prefixed to the Specimina leknographica of Joha Allen, 
published in 1730. 

The first really practicable, and we may add profitable 
attempt at steam navigation in Europe, appears to have 
been made on the Clyde in the year 1812. This was 
a vessel for the conveyance of passengers, with an engine 
of only three horses' power, and which was of considerable 
draught. On account, however, of the numerous shallows 
in our rivers, it has since been found advisable to construct 
the vessels employed in this species of navigation so as to 
draw as little water as possible. 

We may now at once proceed to describe the general ar- 
rangement of one of Messrs. Maudslay's steam-boat engines. 
This will be best done by a reference to the accompanying 
figure. 




> is the steam cylinder, firmly bolted down to some 
of the main transverse beams of the vessel. This cylinder 
has a close top, the engine being on the double-acting 
principle ; and it is made of larger diameter in proportion 
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to its height than in those engines that are used on shore, 
in order to obtain great power in a compact form, by not 
extending the stroke of the piston to too great a length, 
i is a tube or side-pipe, which receives the steam from the 
boiler, and at the same time contains a peculiar sliding 
valve, by which the steam is conveyed above and below the 
piston. The piston works through a stuffing-box, and termi- 
nates at the top in a T piece, from each extremity of which, 
as e, stiff bars or connecting rods descend, and are attached 
to one end of the main beam q p, placed at the bottom of 
the machine for the sake of strength, and to save room. 
This beam turns or vibrates on the centre q, which is 
strongly supported, and the beam is composed of two cast- 
iron plates of similar form, one of which is placed on each 
side of the machine. The extreme end p of this double 
beam is united by means of the connecting rod d with 
the crank »i, which turns round the main central axis 
Sy performing a circle equal in diameter to the length 
of the stroke of the piston. To this main axis s one of the 
paddle-wheels for propelling the vessel is attached, and 
the paddle-wheel on the opposite side is fixed upon a 
similar axis belonging to another engine, because in large 
vessels it is always customaiy to employ two steam engines 
of equal power, and to connect them each to a paddle- 
wheel, but in such manner that their effect may be con- 
centrated on the main shaft or not, at pleasure, c is an 
eccentric wheel fixed upon the main shaft 5, for working 
the steam valves, which it does through the medium of 
the long but light open worked or braced connecting rod 
y, which is united to an arm z upon the lever ngo, which 
turns upon a centre or fulcrum at g. The end n of this 
lever is joined by the connecting rod ni to the top of the 
rod that works the slide valve, and o is a balance-weight 
at the opposite end of the lever, to compensate for the 
weight of the sliding piece which covers the steam open- 
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ings, and by means of which nothing remains to be over- 
come but the friction of the slider. The short lever k, 
connected with the two rods v and w (the latter of which 
joins the connecting rod e), forms a parallel motion appa- 
ratus for insuring the truly vertical motion of the piaton 
rod. In ship engines an open condensing cistern is inad- 
missible on account of the motion of the vessel j and the 
condensor is not therefore set in a cistern, but is made of a 
mnch greater capacity than usual. On the side of the 
cylinder is placed the air-pump, with its piston rod, 
worked by a connecting rod rising between the cheeka of 
the beam ; but the air-pump is chiefly hidden by the beam 
and the iron fence work, placed to keep persons from injury 
by the working parts. Beneath ia the hot-water cietem which 
receives the condensed water from the close top of-the lur- 
pump, and from this vessel it is conducted into the boiler. 
The great loss of power in the ordinary mode of pro- 
pelling by a revolving wheel has produced a variety oi 
suggestions for getting quit of the back water. One o( 
the first that vre shall notice is represented in the wood- 
cut beneath. 
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A slight examination of the figure will shew that the 
paddles in this ease are feathered by the action of the 
wheel itself, without any external agent. The axle is 
shewn at k ; and a, ft, c, d, e, /, g, h, are the paddles. 
The paddle e is seen to act with its full force, while it is 
leaving the water at / at right angles. The framing of 
the wheel is shewn at i, and motion is given to the whole 
by the agency of wheels and pinions marked by the letters. 

We may now describe Mr. Woodcroft's patent paddle 
wheel. This improvement consists in a spiral paddle^ 
made of wood or metal, to propel vessels, and may be thus 
described. A spiral worm or screw is coiled round a shaft 
or cylinder, so that the angle of inclination which the 
worms make with the axis of the cylinder continually 
increases, and the pitch or distance between the coils or 
revolutions of thie spiral, continually increases throughout 
its whole length. The effect of this construction is as 
follows : 

On the paddle being made to revolve in the water, the 
commencement of the spiral blade, or that part of it which 
forms the greatest angle with the shaft, acts upon the 
water, and gives to it an impetus or motion towards the 
back end of the paddle, thus creating a current in the 
direction of the spiral. If this current were to reach the 
succeeding or following parts of the spiral paddle before 
those parts take their action upon the water, such follow- 
ing parts would move in or keep pace only with the 
current, and therefore meet little or no resistance from the 
receding water, and a part or the whole of their action 
would be lost. But by progressively elongating the pitch 
of the spiral, each successive part of the spiral begins to 
act before it is overtaken by the current given to the water 
by the action of the preceding part of the spiral ; and, 
consequently, every part meets a proper resistance from 
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the water, and thereby gains a portion of propelling 
power. 




In the above engraving we give side and stem views 
of a steam boat, with two spiral paddles applied to it, one 
on each side, with their spirals formed in opposite direc- 
tions, one as a left and the other as a right hand screw. 
These paddles are placed with their axles horizontiJly in 
the water, and parallel to the direct line of motion of the 
vessel, that end of each spiral which presents the shortest 
pitch, or quickest curve, being next to the bow of the 
vessel. 

The paddles are so placed that the lower edges of the 
spiral are a few inches above the level of the bottom of 
the keel of the vessel, and their diameters are such that 
the upper edges of the spiral shall be a few inches below 
the surface of the water when the vessel is carrying its 
usual burden. Hence the draught of the vessel, or the 
depth at which she floats when loaded, regulates the 
diameter of the spiral paddle when intended to be em- 
ployed under total immersion. The length of the spiral 
paddles may be varied according to the power required. 

The shaft of each paddle is supported upon a neck or 
pivot at each end, and works in carriages or brackets 
firmly bolted to the side of the boat. A crank fixed to 
the back-end of the shaft of each paddle communicates 
with the steam engine. 

When the vessel is to be propelled the spiral paddles 
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are made to revolve in opposite directions. And as they 
revolve in contact with the water, the paddles and the 
water act together on the principle of the nut and screw, 
the water being the nut and the paddle the screw ; and 
the vessel thus receives a progressive motion through the 
water. 

There is one other arrangement of paddles which we 
may slightly advert to. It is represented in the subjoined 
figure, and may serve to illustrate a variety of contrivances 
of the same general character. 




The external framing of the vessel is shewn at dd^ 
and h represents the axis of the paddle-wheel ; ffr forms 
a double circular frame, between which the paddles are 
placed. The latter have in some cases had their direction 
changed by levers, and at others by the action of an 
eccentric wheel ; so that at c c they strike the water nearly 
in a perpendicular direction — a direction which they 
retain, with reference to the water, in every part of their 
revolution, as will be seen at p, p, c, c, c, c. 

The weight of the steam-engine has hitherto been consi- 
dered as offering an insurmountable bar to its employment 
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in propellmg small veseels; encli, however, is not the 
filct ; and we cannot better illuBtrate this position than fay 
adrertiog to a remarkably light engine employed for loeo- 
motive pnrpoaee, vbich, in point of both pover and weight, 
ia fitted for any common paesage-boat, and which pofieessa 
peculiar facilities for being brought into instant operati<»i. 
It iB on engine constructed by Messrs. Braithwaite and 
EricBon, which is placed on a carriage, and niay in a 
few minutes be employed fi>r propelling water as a common 
fire-engine. Such is the ingenious construction of this 
engine, and the facilities which it affords of being brought 
into operation on any emei^ency, that we really couaider 
it an important acquisition to our previously existing means 
of protection, and feel persuaded that a dispassionate con- 
sideration of its capabilities and powers will obtain for it 
that extensive public approval which it unquestionably 
merits. 




In the above engraving we give a general view of this 
ingeniously devised steam-engine, which is on the high 
pressure principle, and intended to exert the power of six 
horses. It consists of two cylinders placed horizontally, 
the one being the steam cylinder, the other a water-pump. 
The steam and water pistons are connected by being affixed 
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to one rod, and consequently receive a simultaneous action^ 
by the rod working through stuffing-boxes at the end of 
each cylinder ; which rod, by its horizontal action, fDrms 
its own parallel motion, the stuffing-boxes serving as 
guides. 

a a is a frame of wood mounted on springs, to which 
are attached the running-wheels ; this frame supports an 
inner one of iron, carrying the cylinders and the principal 
working parts of the engine. At one end of the frame will 
be seen the steam-chamber ft, on the top of which is a 
safety-valve, and a box or hopper rf, for supplying the 
fiirnace beneath with fuel; from the upper part of the 
furnace, flues are carried in a horizontal direction, occupy- 
ing the inner part of the boiler, through which flues the 
heated air is forced at a very rapid rate, and, after impart- 
ing its caloric to the water in the boiler, escapes through 
a bent pipe or chimney. 

Steam is admitted into the cylinder h by turning the 
cock in the pipe i through the passage J, the slide in 
which is actuated by a cross-head fixed on the piston-rod 
A, giving motion to a lever /, which lever also works the 
force-pump ?w, and blowing apparatus concealed in the 
boot of the driving-box n. On the axle of the hinder- wheel 
is an eccentric, which, as the engine is proceeding to a 
fire, gives motion to a lever connected with the blowing 
apparatus by which steam is generated previous to the 
engine being put in operation; this apparatus can be 
worked by hand if necessary, and be detached in an 
instant from the operative parts of the engine, p is a 
double-action water-pump, the bucket of which is attached 
to one end of the piston-rod A ; there is a suction-pipe qy 
through which the water passes to the pump, by which it 
is forced into the air-vessel r through the passages 5, and 
discharged through the nozzle ^, to which the hose and 
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flexible pipe are attached. This engine has only two 
nozzles; but any number proportionate to the power of 
the engine may be provided, thus doing the work of a 
corresponding number of engines on the ordinary con- 
struction. The frame r is a box for containing the fuel, 
&c., which also serves as a seat for the assistant-engineer 
attending the furnace. In the event of the high-pressure 
steam-engine being employed for steam navigation, it 
would, of course, be advisable to employ a boiler on Mr. 
Perkins's plan, as the safety of the passengers might other- 
wise be compromised. 



CHAPTER IV. 



Abstract of Evidence before a Select Committee of the 
House of Commons on Steam Navigation.^ 



Mr. Bryan Donkin was called in and examined. Witness 
went down to Norwich, as a volunteer, to inquire into the 
cause of the explosion of a steam-boat. Was accompanied 
by Mr. Timothy Bramah and Mr. CoUinge. Was of opi- 
nion that the immediate cause of that explosion had been 
the use of steam of a very high expansive force ; the ap- 
proximate cause was a deficiency in strength of the end of 
the boiler. The boiler was cylindrical. The cylindrical 
part, and one end, was wrought iron ; and the other end 

* The Committee commenced its sittings May 8, 1817, and consisted 
of the following highly respectable individuals : — Charles Harvey, Esq. in 
the chair ; Mr. William Smith, Mr. Davies Gilbert, Sir Martin Folkes, 
Sir James Shaw, Sir William Curtis, Sir Charles Pole, Mr. Alderman At- 
kins, Mr. Williams Wynn, Sir Edward Kerrison, Mr. Lacon, Mr. Shaw 
Lefevre, General Thornton, Mr. Edward Littleton, Mr. Finlay, Mr. Lea- 
der, Mr. Alderman Smith, Mr. Wrottesley, Mr. Barclay, Sir James Gra- 
ham, Mr. Swann, Mr. Charles Dunda% Mr. Holmes, Mr. Thompson, and 
Mr. Bennet. 

On the 14th of the same month, Sir Matthew Ridley and Mr. Ellison 
were added to the Committee. 
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was cast iron. It appeared to have been previously of 
wrought iron, but, for some reason, the wrought iron end 
had been cut out, and a cast iron end substituted in its 
place. — Was of opinion that any high-pressure boiler so 
constructed was unsafe. The difficulty of obtaining a pro- 
per degree of strength at all times, in the materials of which 
the boilers were made, arose from the constant deterioration 
which they must be suffering from the action of the fire, 
and from the various degrees of expansion and contractioD, 
operating on different parts of the boiler. — Would not choose 
to use a high-pressure engine, from the danger which arose 
from their use. — Thought it just to state to the Com- 
mittee, that there was an advantage to be derived from 
the use of high-pressure engines on board of boats, 
which were necessarily loaded differently at different 
times. 

This different loading required a different power in the 
steam-engine, and the high-pressure engine was capable of 
having the additional power given to it without difficulty ; 
whereas, in the lower-pressure engines, they were confined 
to the power first assigned them. — Scarcely ever saw the 
low-pressure engine beyond six pounds to the inch. — Had 
known one boiler worn out in six months, and another used 
for seven or fourteen years. The strength of cast-iron 
boilers was extremely uncertain : cast iron was liable to con- 
tract in various degrees in different places, and therefore 
was liable to break. — Thought that all cast-iron boilers 
were dangerous when used for steam of high expansive 
force. It was more practicable to make a boiler of the 
malleg^ble metals to resist a high pressure, as far as the te- 
nacity of the metals was concerned ; but another difficulty 
occurred which prevented the application of the malleable 
metals to boilers for high-pressure engines, which was that 
of rendering the joining of the plates secure. — Believed 
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that wrought-iron boilers were much less frequent than the 
cast-iron boilers, and in Wxwirs engines they were scarcely 
used at all. — Should think that the cast-iron boilers would 
be cheaper than wrought, if made of equal strength. — Con- 
sidered that in case of the explosion of a cast-iron or a 
wrought-iron boiler, the <9U3t-iron would be attended with 
the greater danger. 

In employing the malleable metals a simple rending 
generally took place, so that it would seldom happen that 
the upper part of the boiler would be torn off; but, in a 
cast-iron boiler, the fragments would be scattered about, and 
be more d^tructive. — The boilers invented by Mr. Linns 
and Mr. Woolf were all of them cast iron. — Mr. Wpolfs 
had been in use nearly ten years. Considered low-pressure 
boilers j^fe fh>m explosion in all instances, used with 
no farther pressure than six pounds. — ^Had seen very few 
boilers constructed for the purpose of a low-pressure en- 
gine, or a condensing engine, that would sustain a pressure 
often pounds .without occasioning considerable leakage, or 
without forcing the joints. — ^Had never heard of an explo» 
sion with the low-pressure boiler of any consequence what- 
eT€r,-merely a giving way of the plates, or the wearing 
out, not such a bursting as could be called an explosion. — 
Conceived WoolPs mode of constructing boilers to be a 
considerable improvement, — a very material one. Had like- 
wise been told, though without having seen one, that Tre- 
vethick had invented a method of making boilers by in- 
creasmg their length and decreasing their diameter, so as to 
render them capable of sustaining pressure to a much 
greater degree thad ^heretofore. — In high-pressure engines 
the expansive fiirce of steam was very variable, from thirty 
pounds to one hundred and twenty pounds upon the square 
inch, or even p^haps higher than that. Instances had 
been known in which a boiler had beeii Worked at one 
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hundred and sixty and one hundred and eighty pounds. — 
Had no doubt but Cornwall had derived incalculable ad- 
vantages from the use of high-pressure engines* 

According to the general construction of low-pressure 
boilers, they were so riveted together, as to withstand the 
low pressure they were intended to bear ; and they always 
gave indications of an increase of pressure long before any 
danger could l^e apprehended from them either by the 
joints giving way, or the steam forcing a passage througfad-^ 
Had witnessed several experiments on Woolfs engfines, 
where the object was to ascertain the comparative expendi- 
ture of coals or fuel in grinding corn, between bis engines 
and the low-pressure or condensing engines ; and the le^ 
suits were decidedly in favour of Mr. WoolPs ei^ines^r- 
Apprehended that there was no saving of fuel, or very litde» 
in the common high-pressure engine. — ^The average efled 
in Wooirs engine, was the grinding eighteen bushels of 
wheat with one bushel of coals ; while the average efieet of 
Boulton and Watt's engine, or the low-pressure-engmes, was 
the grinding of from ten to twelve bushels of wheat with a 
bushel of coals. 

Seth Hunt, Esq. was called in, and examined. Had 
formerly been conunandant of Upper Loumiana^r— Knew 
that in the United States a great number of steam-boati 
had been established. The first was at New York. There 
were then running between New York and Albany, ten 
boats : two between New York and the state of Conneisti- 
cut j four or five to New Jersey ; besides the fenyJMNifSy 
of which there were four. These boats were all worked 
by low-pressure engines : no accident had ever happened 
to any one of them : they had been running since the year 
1807 ; and the boats at Albany performed about forty trips 
each per annum. — ^They went a distance of a hundred and 
sixty miles in twenty-one hours, and came down in nine- 
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teen : sometimes a little longer, but never shorter than 
nineteen ; that was the quickest passage. — Some of thiem 
went about seven miles an hour in still water: some 
boats had gone nine, ten, or eleven miles ; but that was 
under particular circumstances. They had come from 
Newhaven to New York (ninety miles) in six hours and a 
half, without any sail. — ^Those which went to Albany paased 
up the North River; and the others, to Connecticut, passed 
through Long Island Sound, forty miles broad in one part 
of it. On the river Delaware there were a number of boats 
also established, which plied between Philadelphia and 
Trenton in New Jersey ; also others between Philadelphia 
and Newcastle, and Philadelphia and Wilmington, beside 
ferry-boats. Several of those boats had low-pressure «i- 
gines ; others had high-pressure engines, from one hundred 
to one hundred and forty pounds on the square inch, and 
as high at one hundred and sixty ; but those engines were 
constructed upon Oliver Evans's plan called the Columbian 
plan. They were of wrought iron. — There were no boilers 
cast in America. Presumed that might arise from their not 
having founderies in which they could cast them sufficiently 
large. They were all wrought-iron boilers, or copper : all 
which had to pass through salt water were copper. The 
boat Etna, which passed between Philadelphia and Wil- 
mington, was a high-pressure engine, and outstripped all 
the other boats : there was no competition at al) between 
them. There were boats from Baltimore to Norfolk, which 
passed a part of the Chesapeak, sixty miles in width. They 
have been to New London, which was still more exposed ; 
and had been up to New Hertford. Those were low-pres- 
sure engines. — ThePowJiawton steam-boat was built at New 
York ; went into the open ocean ; encountered for three 
days a very severe gale of wind, arrived safe at Norfolk, 
and up to Richmond* The gentleman was now in England 

f2 ' 
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who nayigated her; and had heard him say that lie felt 
himfielf as safe as he should in a frigate ; and he said tiheie 
was this advantage, that the steam power enabled hini, 
when they could not have borne safls, to pat the head of 
the vessel to the sea instead of lying in the tnmgrh of the 
sea, being exposed to be overran by the waves* 

The largest steam-boats in America were those on the 
Mississippi, the Etna and the Vesuvias which ply b et w e e n 
New Orleans and Natches. They were fear hundred and 
fifty tons, and they carried two hundred and eigbty tons 
merchandise, one hundred passengers, and seven hundred 
bales of cotton, besides the passengers transported to New 
Orleans. — ^Remembered only three accidents havings hap- 
pened to steam-boats in America. The first happened <m die 
Ohio, and was occasioned by the negligence and inattention 
of the engineer, who loaded the safety valve, and n^lected 
to attend the fire. All hands were engaged in hoistings die 
anchor : the fire was in a very high state, and of comne 
produced a vast deal of steam that did not escape by die 
ordinary operation of the engine, which would otherwise dis- 
charge and carry it off. — What was called the safety-valve 
had been improperly loaded and neglected. — The next acci- 
dent happened not from any feult of any body, bat from an 
act of God : it was lightning, as was satisfectorily explained 
to the public, both by the passengers, and those interested 
in the boat. Tliat was at Charlestown, in South Carolina. 
The pipe which carried the smoke up to the top attracted 
the lightning, and it went down, and split the boiler.— A 
third accident happened lately to thePowhawton. She was 
not in operation when it happened : they were oat of fad; 
they stopped their boat, and lay still upon the water, while 
they went after wood ; still, however, they kept up their 
fire, and the steam was so high, that it exploded in dial 
situation, there being no consumption of the steam as it 
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accumulated. Those are the only accidentH that ever 
happened, except such as have happened from vessels 
taking fire* 

No accident had ever happened in America to a high-* 
pressure engine, either in ^ manufactory or out of it; and 
there were many engines used in the manu&ctories, and in 
flour-mills and saw-mills, constructed upon the plan of 
Oliver Evans, which acted on the high«pressure principle 
at one hundred and fifty pounds an inch. He had worked 
one hundred and sixty, but one hundred and twenty was 
his constant average* The fuel, in most places, was wood ; 
at Pittsburgh, and on the Ohio river, it was coal and wood ; 
at Pittsburgh, and at Laceling, and at a hundred other 
places there was a solid mass of coal fifty miles square. 
They drove a shaft horizontally into the hill, and the coals 
were abundant above their heads ; in the mountains, as fine 
coal as any in the world. It was delivered at the houses 
of the inhabitants at sixteen bushels per dollar. 

The number of steam boats was rapidly increasing u|>on 
both the low and high pressure system, because they had dif« 
ferent interests and different companies. Mr. Evans being a 
patentee, they had to give something for the use of his patent ; 
if they could not make their bargain with him, they used the 
low-pressure engine ; but there was a new engine, built for 
one third of the money, coming into use in several of the steam 
boats, invented in America, a perfect rotatory engine ; and 
it was' l^pposed that it would supersede all other engines.-— 
Knew of no other guard than that of properly constructing 
the safety valves, and the manner of loading them, so that 
they could not get on more than a certain weight; they must 
of course construct them strong enough, and prove th^m. 
They were under no Government regulations.*-It was sup- 
posed that a rotatory engine consumed less coals than one 
with a reciprocating beam. Twelve bushels of coals, with 
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the rotatory motion, would perform the samft work am the 
other engine with twenty. 

Mr. Timothy Bramah, of Pimlico^ Engineer, called in 
and examined. Did not think that a high-pressare engine, 
under any guard that could be applied to it, waff a safe 
engine to use in a steam-boat. — ^Thought that if a boiler 
was prepared to sustain one hundred pounds, and strained 
with a force equal to two hundred pounds, it mig^ht aftei^ 
wards, perhaps, break at forty, the straining having' injured 
it. — ^Apprehended that a boiler, upon a proper constmctibo 
of wrought metal, might be tried with a certain force, so 
small in comparison with that pressure which it was in- 
tended to bear, as not to incur any risk of being* injured in 
the proof, and have a complete surplus of strength, so as to 
enable it to be afterwards used without any danger in the 
use. — Would recommend the use of two safety-valves, one 
to lock up ; and to have it examined once a week, or as 
often as might be necessary, to see that its action was per^ 
feet. — ^Had seen many cast-iron vessels burst. The wrooght 
iron generally tore and opened out, to admit of the fluid 
escaping ; it was generally the fluid which did the mischief 
when the wrought iron was used, and it was both the fluid 
and the materials which did the mischief when the cast 
iron burst. The effect in cast metal was to carry the pieces 
of the metal to a considerable distance, which was seldom 
the case in the wrought, unless where there was any cold 
shut in the metal. The cast would burst like a shetl, pro- 
jecting the particles of the metal to a considerable distance. 
— Where wrought-iron boilers had burst, the injury sus- 
tained by the individuals ^ad arisen from the fluid's es- 
caping, and in cast-iron boilers it liad frequently been by 
the expansion of the metal. Copper being purer was not 
subject to the same danger. 
Mr John TAVLOfi, of Stratford, in Essex, called in and 
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examined. Was acquainted with the accident which lately 
happened to the steam-boat at Norwich. Had heard that 
the plate of cast iron was of inadequate thickness for the 
strain to be put upon it. With respect to the impropriety of 
cast iron compared with wroug-ht, had also constructed one 
of the high-pressure boilers precisely in the same manner ; 
(he boiler was proved to be one hundred pounds a square 
inch by the water-proof, commonly used with about forty 
pounds' pressure ; but the cast iron broke one day with less 
than twenty pounds pressure of steam; the fracture being 
caused evidently by the heat expanding unequally and 
being kept from going to the form it would otherwise as-. 
sume.-^Had seen the Well-street boiler intended to boil 
sugar. The thickness was intended to be aboutt^o inches^ 
or two inches and a quarter ; but by inserting the core un- 
equally, the thickness on one side was three quarters of an 
inch ; on the other side the thickness of the metal was two 
inches and a quarter, or thereabouts ; therefore, to the ge- 
neral difficulty of cast iron was added a most improper con- 
struction. — Understood from the men who were working 
there, that there had been something like a mercury gauge 
attached to it, but that the mercury never fluctuated. It was 
probable there was a pressure of more than one hundred 
pounds. — Considered that a wrought-iron boiler might be 
rendered safe by the use of a column of mercury in a syphon 
or tube of sufficient size. When that mercury was dis- 
placed by the expansive force of the steam, which would 
be regulated by the height of that tube, to admit of the 
efflux of the steam from the boiler as fast as it was gener- 
ated by the fire; in that case, the expansive force could 
not increase in the boiler, the mercury would be blown out, 
and the steam would escape. Conceived it essential to have 
a second safety-valve, which should be under the conti-ol 
of the master, or proprietor of the works ; and there was 
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fmother small contrivaiice very important to the safety of 
the boiler. 

Boilers had frequently been weakened very much by 
the water having been evaporated too low. To remedy 
this, a hole should be previously bored in the bottom, ri-^ 
vetted by a piece of lead, so that the lead would r^nain 
perfectly secure as long as it was covered with water ; but, 
the moment the water left it, the lead would melt, a^d 
the steam being blown through the hole, would put oat 
the fire. Besides giving the signal of what was wanted, 
it would at once put an end to the cause of danger. — Con* 
sidered that the mercurial gauge acted as a safety-valve, 
which could not be stopped or put out of order ; and it 
had the advantage of exhibiting, during all times of the 
boiler's working, the state of the steam within the boiler, 
by the fluctuation that took place in that colunm, as indi- 
cated by the appearance upon the surface of the mercury. 
If the mercury became stationary, it might readily be sus- 
pected that that tube was stopped ; therefore it would point 
out itself instantly tkat it had become not what it ought to 
be. The safety-valve had not that advantage, as it did not 
indicate any thing till the steam was blown out by raising 
the weight. — ^With respect to the value of high-pressure 
steam for working engines in Cornwall, of late a most va^ 
luable improvement had taken place ; and if it was an ob- 
ject to save coal to steam-vessels upon a large scale, hi^h« 
pressure steam became an object of great importance to 
them, if applied upon the principle that Mr. Woolf had in 
the first place introduced, but which had been applied by 
Mr. Simms and others. Was of opmion that those high^ 
pressure boilers might be made with equal safety as low« 
pressure boilers. — ^Had prepared a statement of the work 
done by the engines on the principal mines in the county 
of Cornwall. It stated the consumption of coal and the 
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work done by every engine therein named ; front which 
it appeared that the average work of engines then in the 
county of Cornwall was to raise about twenty millions of 
pounds of wat^ one foot high by the consumption of one 
bushel of coals : that, by the introduction of high-pressure 
steam, under the best mode of management, an effect equal 
to from forty-three to forty-five milli<ms pounds of water 
was raised to the same height by the same quantity of 
coalsy thereby producing above double the effect.— -Appre- 
hended that condensing or low-pressure engfines were 
equally liable to be blown up by the carelessness and in- 
attention of the engineer conducting them, with high-pres- 
sure engines. 

In France, at Crusal, some very good engines were 
erected by Mr. Wilkinson, at a very lai^ work; they 
were on Boulton and Watt's principle : one of th^n blew 
up, and killed several people. — Conceived that the mercu- 
rial gauge, if of sufficient bore, might be applied with ease 
to^the^'high^ressure boilers, -so as to produce safety as 
certainly as the column of water, which' was in &ct a 
water-gauge, such as was usually applied to the low-pres- 
sure. — Conceived that there would be no difficulty in con- 
structii^ a safety-valve, so as tio operate with certainty, 
and yet be safe from any impediment which the engineer 
might intentionally place in the way of its operation, with- 
out incurring any very considerable expense. 

Mr. John Collinoe, of Bridge Road, Lambeth, Engi-^ 
neer, examined. Went to Norwich, in consequence of the 
accident that happened to the steam-boat there. — Attri- 
buted the explosion of that engine to the construction of 
the boiler. It was composed entirely of w|*ought iron, ex- 
cept one end, and that was capped with cast iron. The 
cylindrical part was made of wrought iron. — Was of opi- 
nion that any material under very severe pressure was 
liable to &il, and cast iron for this reason, because in all 
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large bodies, it was found that the air could not wiioify 
escape in the act of fusion. Had occasionally had large 
masses of cylinders and pans to break up, and frequently 
found cells where the air could not escape. There was 
certainly a much greater dependance upon wrought nroa 
or upon wrought metal ; perhaps it would be better to in- 
clude copper. — In the event of any accident happenings to ' 
the boiler, the greatest mischief would be likely to arise 
from cast iron, because cast iron flew off in fragments, tuid 
wrought iron from its superior tenacity did not. — ^Remem-. 
bered an accident having occurred at Maiden, where a 
boiler, nineteen feet long, was blown off the seat of its 
connection with the base. Had found, in making wrong'ht- 
iron boilers, that, if they were m^de of metal of a ccm- 
siderable substance, they could not be so well united to 
make them steam-tight; it was a very difficult thing to do. 
The rivets that were applied to wrought-iron boilers were 
put in hot, and, when they were hammered, to secure the 
joint, they got cold, shrunk, and did not always fill the 
hole through which they had passed. — ^Had no conception 
that any safety-valve could be applied to render them per- 
fectly secure under heavy pressure. — ^Thought the mercu- 
rial gauge would be the greatest safety for a boat, if it 
could be judiciously applied. 

The condensing engines should not be more than four 
pounds to an . inch ; and, if the cs^acity of the vessel al* 
lowed of it, the condensing engines answered every pur- 
pose, because the making a wrought-iron boiler would be 
on such a scale of thickness, that, if more than the usual 
pressure were applied, the rivets would fail, and constitute 
a security against any fatal occurrence. — ^Thought from the 
power that was wanted in steam-boats, condensing en- 
gines were the best engines applicable for that ptupose^ — 
Did not conceive it impossible to construct a wrought- 
metal boiler, with safety-valves properly adjusted to . its 



STEAM NAVIGATION. 76 

capacity, and a mercurial gauge supposing that to be ca» 
pable of being applied, which should render a high-pres- 
sure engine, on board a steam-boat, what might be called 
perfectly safe, — Thought that in order to g^ve security to 
the public in travelling by -steam-boats, it might be neces- 
sary to have an examination of each engine two or three 
times a year, as it would create confidence* 

Mr. William Chapman, of Newc&stle-upon-Tyne, 
Civil Engineer, examined. Considered all enginesi whe- 
ther high-pressure or low-pressure, as dangerous to the 
passengers, unless due precaution was taken to emit the 
steam, when exceeding a given pressure ; for, in low-pres-» 
sure engines, the boilers were always liable to burst, or to 
alter their force, when the pressi^re became greater than 
the resistance. All wrought-iron boilers, but those that 
were cylindrical in the section, and with hemispherical 
ends, or portions of spheres, or cones, or coniads, were 
liable to alter the form by the natural expansive force of 
the steam, and therefore all boilers of those forms owed 
their safety to their weakness, because, if weak, they would 
alter their form without danger, and, if strong,, they have 
been known to bend the iron ^so abruptly, as to break 
asunder.— There were high-pressure engines, workii^ 
with a force of from fifty to sixty-five pounds per inch, 
and no accident had happened to any of them but to one, 
the safety-valve of which was stopped up by a man sitting 
upon it purposely. He said, he would have a good start, 
and surprise them. The consequence was, the boiler blew 
up, and killed and wounded a very considerable number 
of people. — Considered that the high-pressure engine 
could only be rendered safe by having the boiler of the 
form already described, and the cylindrical part of an un- 
limited diameter, with a competent thickness of wrought 
iron or copper, and the plates secured to each other by a 
double line of rivets. It was also requisite that there 
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should be two aafety*valves, each laden with any 
nate weight per superficial inch of the narrowest part of 
the seat of the valve. One of those valves should be at 
perfect liberty to be raised at the pleasure of the managefy 
because sometimes it was expedient to raise it. The odior 
should be under a cover of such description as not to be 
opened at all at the discretion of the engineer, but with suf* 
ficient apertures for the emission of the steam, and,for any 
of the passengers to see that the valve was not made fast. 
It was also requisite that there should be a m^curial gauge 
of not less than an inch in diameter, and whose longest 
limb should not be greater than two inches and one^ightfa 
for every pound per inch upon the safety-valve for each* 
It was necessary, by occasional inspection, to take care 
that the mercury did not stiffen by oxydation, occasioned 
by the heat and motion to which it was in a slight d^^ree 
liable. — Conceived that a high-pressure engine, thus 
guarded, might be used with perfect safety on board a 
steam-boat, so long as the boiler was kept in order ; but 
the boiler bottom was liable to corode or consume by the 
action of the fire, and therefore required watching^.*— 
Thought a boiler might last twelve months, provided its 
bottom was made of charcoal-iron, beat, not rolled, be- 
cause there was a great deal of difference in the grain. — 
Would recommend all the boilers on board steams-boats to 
be made either of copper, or charcoal-iron plates, beat un- 
der the hammer, and not rolled. The resistance of the cy« 
lindrical boilers would be precisely in the inverse ratio /of 
the diameter. 

Mr. Philip Taylor, of Bromley, Middlesex, Manufiie- 
turing Chemist, examined. Considered tlie first and most 
material point to attend to in the construction of hi^h- 
pressure boilers was, that their diameters should be small 
in proportion to their capacity ; that as small a proportion 
of the external surface of the boiler as possible should be 
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exposed to the destructiye acition of tl|e fire ; and that that 
portion of the boiler which was subjecfed to the action of 
the fire should be so situate and gfuarded, that in case of 
explosion, the least possible mischief should arise. In all 
boilers which he had made use of, no portion of the boiler 
was exposed to the action* of the fire, without ks heing 
constantly cohered with water. In the boilers constructed 
under his direction, the fire was applied under an arch of 
not more than two feet and a half in diameter: this pro* 
vided against any extensive rents taking pkice in the ev^it 
of explosion. All the boilers he had hitherto employed 
had been construcfed of malleable iron, commonly known 
by the mme of charcoal^ron, rivetted together, and se- 
cured by strong wrought-iron bolts. Fnnn observing the 
danger arising frmn the introduction of flat cast-iron ends, 
he had invariably terminated the ends c^ the boilers by 
wrought-iron ones, nearly hemkpherkal : this mode of 
construction, so for as his experience had gone, combined 
more strength and durability than any other. The pre« 
cautions he had used to guard against the nuisance of such 
boilers, had been by adapting to them two safety-valves ; 
one under the control of the engine man, the other secured 
in a strong cast-iron case, locked down, and loaded with 
such a weight, as would suffer the steam to escape when 
it had arrived at an improper degree of expansive force ; 
safety-valves not having at all times answered the purpose 
intended. Had, likewise, in every instance, attached to 
the boiler a mercurml column, the bore of which was pro- 
portioned to the size of the boiler; and considered an iron 
tube, of an inch diameter, sufficient to guard against acci- 
dent, when applied to a boiler four feet in diameter and 
twenty feet in height; because the limit given by such a 
columix came far within the limit of absolute safety. The 
external limb of the mercurial gauge had^in all cases, been 
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proportioned to the streDgfth of the boiler applied, 
care tliat the expansive force of the steam would displace 
the mercury long before any dangerous expansive force 
would arise. 

In order to guard against the boiler being injured by 
the action of the fire, from a deficient quantity of water in 
the boiler, had inserted a leaden rivet in such a sitaation, 
that it would melt as soon as it was uncovered by the 
water, and produce an opem'ng, which would suflfer the 
escape of the steam. — Considered cast-iron boilers sale, 
provided their various parts were made of small diameters 
in proportion to their capacity ; such, for instance, as tihose 
constructed by Mr. Woolf. — ^Thought that a boiler cmi- 
structed on this principle was equally safe with those 
called condensing engines, because a greater attentioii to 
strength is always paid in the construction of high*pressare 
boilers than in the construction of those for low-pressure 
engines, in proportion to the pressure they have to sustain. 
— ^The high-pressure engine, constructed by Mr. Woolf, 
^employed not only the expansive force of the steam, but 
also that power which was acquired by its condensing; 
and the effect in Cornwall had been, that engines on this 
construction had done double the quantity of work vriA 
the same quantity of fuel. — Should consider any measure 
tending to impede the use of high-pressure engines in- 
jurious to the country. «- 

Mr. Henrt Maudslet, of Lambeth, Engineer, ex« 
amined. Never considered high-pressure engines were 
applicable to boats, because the purpose of high-pressure 
engines was to save water, and water could not be wanted 
on board a vessel ; the difference between the one and the 
other made no saving, either in the weight or expense, 
taking it ultimately, particularly when steam-boats were 
properly contrived- — Built the K^ent steam*boat with a 
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low-pressure engine/ Th^e was a dispute between two 
men, and one of them swore that he would blow his boiler 
up but he would beat the Regent in coming up. The 
man certainly did exert himself as much as he could, and 
kept his steam as high as he could get it, and it flew out of 
the safety-valve very frequently, and he hurt his boiler 
materially from doing so ; but he did not beat theR^ent: 
but, if it h9!i^ been a high-pressure engine, he would either 
have beat her, or blown up his boiler, because he had the 
power in his own hand. Had employed two and some- 
times three safety-valves: to make it quite easy for the 
man to move them, had a sort of bell-pull to pull it up 
every hour, if he pleased, to keep it in action ; because, it 
was clear, the spindle might corrode and stick fast for 
want of uj^e. Supposing it not touched once a week, it 
would not be a safety-valve any longer, because a very 
little friction would add a great many pounds weight to 
the opposition the steam ought to meet with. — Never knew 
a low-pressure engine unsafe, but it appeared that high- 
pressure engines had been. — Conceived that the same mo- 
tive which would induce the engineer to work it with an 
improper pressure, would induce him to leave it un- 
touched, that it might haf e an improper pressure. — Con- 
sidered that wrought iron was extremely safe, copapared 
to cast iron. 

> Mr. Alexander Gallaway, of Holborn, Engineer, 
called in and examined. Would reconunend that, for 
steam-boats, the condensing engines should be used in 
preforaice to high-pressure engines ; and, for these rea- 
sons: In the first place, the great advantage promised 
from a high-pressure engine was, that it could be wprked 
in a situation where water could not be procured, and 
therefore it was, for such a situation, a valuable machine ; 
but, in situations where water could be readily procure^. 
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it was not so. And in reference to the oomparative price 
between a high-pressure engine and a low-pressure en- 
gine, and in reference to the space that it occupied, and in 
reference to the superintendence that it required, it was 
decidedly evident no economy was produced* Speaking 
of it as a matter of safety, it would be necessary to say, 
that experience had fully proved that the maximum of 
force to be obtained by a condensing engine was when th6 
steam was rarefied from three to six pounds on the inch. 
The engine was then by far more efficient than when the 
steam was rarefied beyond that point. And it would ap« 
pear equally clear, that whether it was a cast-iron boiler* 
or a wrought-iron boiler, or a copper boiler, the force of 
the eng^e was better performed by steam at three pounds 
and a half than at any increased expansive force ; the 
boiler being subject only to three instead of six pounds, it 
must be less liable to explode or burst at that than srt an 
increased expansive force. Would farther say, that every 
man that was called to work a condensing steam-engrine 
knew, that, when his steam was at three pounds and a 
half, it performed a greater quantity of labour than at 
any other time ; for, if it were increased, a vast labour WM 
throwQ on the air-pump and the condenser, and the eng^ine 
retarded ; therefore, a man had no inducement to increase 
the expansive force of the steam, knowing that no useful 
end could be obtained by so doing, but giving himself ad- 
ditional labour, and consuming more fuel, and performiBif 
less Work. 

All boilers on board steam-boats should have the five 
in the interior of the boiler, because it was of very little 
importance, when up<m the subject of safety, whether the 
passengers were to be endangered by an explosion, er 
whether the vessel was to be weakened in its timbers^ or 
essential securities, by the improper application of the fire 
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to the boiler; would therefore recommend thst tbe fire 
should be contained in the interi(Nr of the boiler, and that 
there should be an additional safety-valve^ which should 
be solely subject to the superintendance of the proprietor, 
and that tjbe manager of the machine should have no pos^ 
fflble access to it.-^Would certainly recbihmend a wrought- 
metal boiler iii preference to a cast-iron boiler ; and the 
reason was dear, diat the operisttion of calling, however 
skilfully managed, was always an unceriain process.—^ 
Thought that if an additional safety-valte was applied to 
a boiler, and that safety-Valve placed be]^ond the power of 
being interfered with by any person but the proprietor, 
then the boiler Would be secure from explosion, if the 
safety-valve should be judiciously loaded ; but if the 
safety-valve was eVM placed beyond the reach of the 6pe^ 
rator, and at the same time injudiciously loaded, a calamity 
might take place^ the same as if no such security ejicisted. 
— ^Under all the circumstances of the case, would most de- 
cidedly recommend d condensing engine; a condensing 
engine, with a wrought-iron boiler; because, when cast 
iron became subject to high expansion and cbntraction, the 
constant repetition of those effects in a very great degree 
impaired the strength of the boiler. — Would venture to 
say, that all engines in steam-*boats should be subject to re- 
gulation and inspection by competent persons. 

A steam-boat must have a register ; and, before such a 
register should be granted, the engine should be inspected, 
to see whether it was of a character to deserve its being 
considered safe.-^Was quite satisfi^, that, taking for 
granted that cond^isii^ and higii-pressure engines were 
judiciously formed, the one would take as much fuel as the 
other, and there would be no material saving, if any ; but 
if two principles were associated together, as in the case 
of WooiPs engine, there would be a considerable saving. 

G 
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Mr. John Braithwaite, of the Nei^ Road,* Titxroj 
Square, Engineer, called in and examined. With respect 
to high-pressnre steam, would engage to make a boiler^ or 
direct one to be made, which woald defy any engineer, of 
other person, to blow up, or burst ; and had lately erected 
five boilers, which he was ready to prove to any gentlenaui^ 
and even to any engineer, that they coiild not destroy thenu 
— ^Reconmiended to Mr. Martineau, for whom he creeled 
them, that, as there had been an accident in his neig^hbonf-^ 
hood, he ought to have a boiler to bear three tunes the 
pressure he meant to put upon it ; and, if it did bear that 
pressure, and they applied two safety-valves, with a hmm 
curial steam-gauge properly weighted and adjusted (one 
of those safety-valves being at the will of the person about 
the boiler, and the other locked up) it would be impcMsible 
to explode a boiler of that description. — Saw the boilar' 
after it was exploded at Wellclose Square ; and also cob-* 
versed with one of the men that was saved, who said^ that 
he had carried an additional weight to put on the safisty«» 
valve just before it exploded ; that the mercurial galige 
there was plugged up, so that it was useless; bcsidecl 
which, instead of the safety-valve being weighted equal to 
forty-five pounds, they added a double weight, which in^ 
creased it to ninety-pounds weight upon an inch, and the 
boiler was very improperly made. — Would recommend 
wrought-iron boilers in preference to cast, on board .of 
steam-boats. 

Mr. John Hall, of Dartford, Engineer, called in and 
examined. Had only to observe, that he made his boilers 
of cast iron, and proved them by an hydraulic press, made 
for the purpose ; and had gone as high as two hundred and 
fifty pounds to an inch, which he considered^ enoughs No- 
thing happened ; and he meant the next tim6 to try irhaf 
they would beat" ; and had no doubt they would bear from 
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seren hundred to one thousand pounds to an inch; for be 
beliered they could be made stronger than wrought-h*oh 
boilers ; wrou^ht-hron boilers being riretted together, could 
not be so strong as those cast in a solid mas9«-^Had a 
boilar mad^ composed of three tubes oh a Itfge one, and 
two smaller on«s -below; 'the lower tubes which iwere ex- 
poised moi^ td thd fire, had cracked, generally by cooling, 
after the engine had d(me working. Had knowh' that in 
three dr four instances ; perhaps in an hour after the en- 
gine had done worki^, the tubes below had cracked, and 
the other not. — Supposed that in the event of explosion 
the greatest danger would be from the wrought-iron boiler. 
— Considered it quite practicable to adjusts safbty-valve 
to a boiler, which should not be accessible to the engineer, 
but which should sufficiently protect the boiler from mis^ 
chief, and which once adjusted, would always act, and 
might always be depended upon. 

Mr. Alexander Tilloch, of Islington^ called ki and 
^xamined• Was of opinion, that attending to what should 
be attended to in every steam-engine, and employing proper 
engineers, a steam-engine would be perfectly safe, whether 
with high-pressure or low-pressure steam. The boileis 
ought always to be furnished with safety-valves, one of 
which should be covered, and out of reach, with a box 
over it, but perforated, so that it might be seen when the 
steam operated on it. A mercurial-valve is also very good, 
that is, an inverted syphon, with a column of mercury, 
proportioned to the purposes for which it is to be employed. 
—-Did not apprehend much danger to arise, in case of ex- 
plosion, from the mercury, because the tub^ being always 
perpendkular, the mercury, when shot out, would fall 
down in rain. Was of opinion a boiler might be made 
safe, either of wrought or cast iron ; but, for great istrain^ 
would prefw cast iron, contrary to the opinion of many 

g2 
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people ; and the reason for this preference was tibe sanne 
for which it was preferred in making cannon. It was nfot 
possible to get thick plates of wrought iron perfect 
throughout, and it was necessary to trust at last to rirete 
in joining them ; but cast-iron boilers could be made of 
any strength. Instead of having a boiler that would stand 
sixty, it might be made to stand six hundred of eitlMT 
wrought or cast iron. Another reason why he would pre^ 
fer cast iron was, that the sheet iron corrode mack 
quicker, and was destroyed by oxydation, so that a boiler 
might be safe when first set up, and stand itf prop:^ bat 
rery soon become unserviceable, or at least, comparatively 
so. Boilers should always be cylindrical, and for ttti db^ 
vious reason : capacity should be got by length and tiiuii^ 
ber, rather than by diameter. There was no more Aetogef 
to be apprehended from steam, as to bursting, than fihom 
the employment of condensed air, only that the water 
might scald : but, as to the danger of the fragments being 
scattered about, it was the same with air as with 
and yet all the engineers constantly employ cast-iioti 
ceivers, condensers, or air-ivessels, where pressure 
wanted. — -In case of actual explosion, should think the 
greatest mischief would arise from the cast-iron boiler.-— * 
Was aware that there might be cavities in cast-kon, but a 
boiler being proved to a strain beyond that it was to be 
exposed to by heat, the safety of the boiler was sedured, 
for the temperature never eould be at that point whicli 
would endanger a fracture from that circumstance. 

Mr. George Dodd, Civil Engineer, of Oxford Street^ 
stated, that out of five steam-boats under his directMNi, 
only two had suffered by partial accidents, and these wem 
owing to the carelessness of the engine workers. His 
boilers were made flat sided, with flat and dome roo&, the 
largest of them containing at least fifteen hundred riveie, 
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each cf Irfaich in atnose measure angwered the purfiaie of « 
safBtj-valTe.--^Wa8 ef opinion thai to aU boU^ra tb^r^ 
should be ttw safety-i^talves. The oae whieb wouW be 
accessible to the engine worker should be loaded witb the 
minimum of the pressure ithat the chief ea^ine^ saw fil 
that the boiler should sustain ; and that the me which 
would bei ioaecessible and locked up» should be lba<kd 
equal to the ultimatum that he would, undei^ aojr eircum- 
istanee% permit the boiler ta support«-r«Would not allow 
the safetj^yaltes to. be loiaded with more than half li^ 
weigrhtwhibh had heessl prerio'usly tried, and found the 
boiler was capable of supporting.— *Was of ^inioa Aat a 
boiler #ho8€f sideid and ends were flat, if prop^ly^ coiB^ 
structed, aild of sufficient thickness in the plates of 
wrought iron^ might be safely used on board steam-boats 
haying the low-pressure engine. — In the Richmond steam- 
boat tbe fire was entirely surrounded by the water. It 
was the case also in the Majestic ; biit, in tb0 Thames, and 
in Ibe new boat to Richmond, and the new boat to Graves!* 
end, they were what was called open fumace^mouths. 
Under the Airnaee-mouth was placed an asfa<«>hole of Oasti 
iron, bedded in clay, and upon fire-bricks;-^Reeol]ected 
the boiler of the Caledonia,' London and Mai^te steams 
packet, bursting at sea, by the forcing out of threl^ of the 
rivets over the furnace-mouth, which extinguished the 
fire; but it was not productive of any injurious con^e-- 
quences to any of the persons on board ; and the Cork and 
Cove packetfiboat in Ireland, with two hundred and fifty 
ofiicers and soldi^^s on board, burst bar boiler when lying 
alongside of the transport that was receiving the ^?oops« 
The bursting made a fissure, or opening, of nine inches by 
eighteen inches*; but the steam which escaped did no in- 
jury either to the persons on board or to the vessel ; nor 
does it appear^ under any circiimstances df the bursting of 
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a wrought-iron boiler at the low-piesBare, the steom nut 
being more than ten or fifteen pounds to the inch^ that the 
steam which might be suddenly let loose or disengaged 
would have power sufficient to raise the deck of the reaaei^ 
or to injure the parties on board. 

The Richmond steam-yacht cost, in the first instanca^ 
including the engine, £ 1800. The ^igine itself oosfc 
about £1000, The Majestic cost about £2000; and 
the engine about £2000 more. The Thames cost £2500, 
including the engine at about £1200. In the new vesaol 
built to go to Richmond, the hull and joiners' work 
cost £7d0j and an engine of fourteen-horse power, and 
apparatus, cost £1170. The hull of the new. Gniviea-* 
end steam-yacht cost £760, and the engine £1370; but 
there were various other expenses before these 
could be finished^ — ^Had just got a new boila: from 
Jessop's, of Butterley, for the Thames steam-yacht, which 
was charged £215. — A safety-valve would cost about £4 
and a mercurial tube for the same purpose £2«— >Had de» 
clined purchasing the Norwich steam-packet becaaae. it 
had a high-pressure engine. — Went with a party of Geiw 
man gentlemen from Bremen, who were anxious to make 
an immediate purchase of a steam-vessel ; and diey also 
declined to purchase that, or any of the boats upon the 
river Yare, solely because they had high^ressure steam 
engines on board. 

Mr. Richard Wright, of Blackfriars Road, Ei^ineerj 
called in and examined. The boiler of the Norwich steam* 
vessel was eight feet long, with a cylindrical boiler four 
feet two inches diameter ; it was first made with an inter* 
nal^angle iron at one end, and an external-angle iron at 
the other end. In consequence of the internal-angle iron 
having given way, a cast-iron end was substituted, which 
certainly was not accurately performed. It was <Hriginally 
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intended to sustain a pressure of fixrty pounds to the inch.*^ 
Should think that both wrouj^ht and cast-iron boilers might 
be used with equal safety ; but that, in proving them, they 
ought to be kept under the pressure a ccmsiderable time, 
say a quarter of an hour, or half an hour. Sudden pres- 
sure may cause flaws in asboiler, which may givexise to 
accident afterwards ; but^ if under pressure a considerable 
time, the action of it might be seen. 
. Mr. John Richter, of Cornwall Place, Sugar Refiner, 
called in and examined. Was acquainted with the cir- 
cumstances attending the explosion of the engine at the 
sugar house in Wellclose Square; and bad attended from 
time to time, during the whole period of the construction 
of that boOer^ for the purpose of boiling sugar by means of 
high-pressure steam ; it was necessary they should have 
a pressure of from six and thirty to five and forty pounds 
to an inch.— Saw the boiler when the bottom only was 
put up, and was at that time informed that they had c^ist 
the dome part of it, and that it was not sufficient, and that 
they Mere casting another. Some months afterwards, 
found that other placed there. Saw th^n at work ; and 
was informed by Mr. Haigue, who was the engineer, that 
they were boiling .at .eighteen pounds an inch, but found 
the index of the gauge standing at five or six a^d thirty. 
— ^It was a mercurial gauge, intended as an index, and 
measuring inches.. In consequence of complaints from 
Constant, the Frenchman, in whose house it was, that it 
would not do its work, and his^ fears in pressing it on 
to do its work, the maker of it became anxious to shew 
thatvit would, and a day was appointed for this to be 
done. Constant, at three o'clock iii the morning, be- 
gan his work^ and continued boiling till about eight, 
but boiling with a great deal of difficulty, because 
he was afraid of putting the engine . to the pressure 
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he required. He gave it up; he said he would boil 
no more; and the men in attendance, who belonged to 
the engineer, went to fetch the engineer. He and hiB 
men came down, and persuaded Constant to have the 
fire lit again. He consented, after a great deal of dif- 
ficulty, and went to another pan in an adjoining baOding, 
and there he was at work when the accident happened. 
They were lurging the steam, and actually had put an 
immense weight upon the lever of the valve, so as to ren* 
der it totally useless. This was ascertained by a Frencli- 
man, who saw it, and who stated to the man that lie 
was doing mischief, and doing wrong. He was told to 
hold his tongue, and mind his own business: that he 
knew his business, and they knew theirs; the conse- 
quence was, that inmiediately afterwards it blew up. After 
this accident went every day to the ruins, for the purpose 
of ascertaining what had been the cause of the burstings 
and saw the excavation, until the parts of the boiler, irhich 
was of cast iron, were found, and then finding parts of diie 
boiler in different places, the seat of the boiler being where 
it had been placed, but the rest scattered about in difllereiit 
directions. The bottom of it was two inches and a half 
thick, the upright sides of the bottom one inch and a half 
thick ; the lower part of the dome was seven-sixteeathe 
thick, and 'one of the parts at which it must havebanrt^ 
and where the boiler was completely defective in the cast- 
ing, wa3 less than the eighth of an inch thick ; it was -not 
thicker than a crown-piece : the wonder is that it stood at all. 
— It was not intended to be worked above forty-five^ and 
was ordered to be made to sustain the pressure of a hundred 
pounds to an inch. The whole house was blown to pieces^ 
which arose from the fragments of the bofler striking the 
story posts, by which the support being taken away^ the 
walls fell inwards. - 
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Mr* John Sti^bl^ of Dartford, Eti^ne^, catlled k and 
examined. If it was required to make the strongest bo9^ 
imaginable, shoiild consider cast iron preferable, beicause 
it could be got to an unlimited strength of resistance, while 
wrought iron could only be had of a certain thickness. — 
Was of opinion that the proof arising from the pressure of 
cold water was^sufficient to ascertain the safety of a boiler, 
which .diould afterwards be exposed to the operation of 
fire, or of highly heated steam ; castor wrought ihm being 
at its greatest streng^ at 800 degnses of heat, which - had 
never been arrived at yet by steam. — Considered the mer-» 
icurial gauge, and two safety-valves as essential intheconi^ 
struction ot boflers ; and was of opinion, that, by the adop- 
ticm of those precautions, high-presaure steam miglit be 
used with safety, either ^mth' wrought-iron or casf-iron 
boilersw 

Mr. WiiiLiAM Bronton, of Birmingham, Civil Engineer, 
called in and examined. Had been concerned in making 
boilers for high^pressure engines, which might be so con- 
structed as to become useless before thfej were dangerous, 
upcm the principle of having the exterior part of the boiler 
mdependent of the flue, so much so, that, while the flue is 
injured by the current action of the fire, the exterior part 
of the boiler remaini^ as to strength, unimpaired.-^Con- 
iceived tha^ a boiler thus formed, when the flue has been 
worn very thin, and then exposed to a greater pressure 
than it could sustain, the thin parts of the flue would act 
as so many safety-valves. — ^Believed it possible to construct 
boilers which would bear an expansive force of six hun- 
dred pounds to an inch. — ^Usually employed two safety-^ 
valves ; one in an iron box under lock and key, and that 
only at the control of the proprietor, and the other open to 
the engine ^nan ; and a mercurial gauge as an inverted 
syphmr, which, in th^ event of- the steam being stronger 
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than the mercury can sustain, the mercury will be 
out, and the boiler thereby relieve itself. 

In the high^ressure boiler, the injury which would arise 
from its bursting, would be done principally by the firag^ 
meats projected ; in the low«pressure boiler, the miscJlief 
might arise chiefly from the hot water and steam. Could 
mention two instances in illustration of this ; the first of a 
low-pressure boiler having given way in the bottom, when 
a stream of hot water was projected against the eagmd^ 
man, causing his death ; the second instance was of a li^^ 
pressure boiler, in which a hole was suddenly opened, the 
water projected itself, and completely wetted a boy, stand- 
ing within a yard of the orifice, who was not at all iujoied 
thereby. Should say the fragments fnnn the CMUiron 
boiler would be equally destructive either with a higk or 
with a low pressure. Considered that the fragments firca 
a wrought-iron boiler would be projected with equal finrce 
with one of cast iron under equal circumstances. — ^Knew a 
wrought-iron boiler which burst with high-pressure steam; 
and a fragment, the largest piece, was carried to the distance 
of one hundred and fifiy yards. — Was induced to pnfe 
wrought to cast-iron boilers from the examination of seve- 
ral cast-iron boilers^ which were cracked or broken in the 
lower part of them, which appeared to arise from the one* 
qual tempcirature and expansion in the exterior part of the. 
boiler^ which wax caused by a quantity of water at all tunes 
under the flue, and consequently of lower tenperature than 
the water above the flue : thereby causing the upper part 
of the boiler to expand in a greater ratio than the under 
part of the boiler. 

For steam navigation, would recommend a wroughti^inin 
boiler, if properly constructed, and, at least, two safety^ 
valves ; the one to be placed under the lock and key of 
the proprietor of the vessel, so secured as not to be'accee- 



sibie to the eiigincMiian ; and one over wbi^ the eii^nei* 
man had the usual control.-— Would recommend the yalves 
to be nearly flat, <»* quite so^ as they would be less liable 
to be fastened by the difference of tanperature to vhidi 
the valve and the seat might occasionally be subjected. 

Mr. George Dodd again called in and examined. Kbd 
been on board and was well acquainted with twenty steam-^ 
boats; knows that there are mwe than forty in Great 
Britain; many 4)f which had cost £6^600, othef^ £1^000^ 
and one on the Thames above £ 10,000 ; ^Dcmsidered a har 
average to be £3,500 each^ making the vested «apttat 
£ 140,000. Most of them were fitted up with peoiliar ele# 
gance and acconimodation, the furniture and deooratiom 
alone forming an expensive item; they were also very ex« 
pensive to maintain, especially on the Thames, by reason of 
the great cost of coaL They ivere most numerous on the 
Clyde, where they had been productiveof essential b^iefit 
to the general commerce and traffic of Glai^ow, Port 
Glasgow, Greenock, and the neighbouring country. — All of 
them had low-pressure ccmdensing engines, and wroi^ht 
sheet-iron rivetted boilers, except the renotaining isteam** 
boats between Yarmouth and Norwich, and one in Holland, 
built at Yarmouth ; and they were high-pressure engines. 

Mr. Josias Jessop, of the Adelphi, Civil Ei^^ineer,^ 
called in and examined. Had no doubt but what the low- 
. pressiure boiler was more secure than the high-pressure, 
yet, from the natural wear and tear, both were liable to 
accidents. If an accident happened to one of a higfa^^pres- 
sure, its consequences certainly would be more dang^ous 
than that of a low-pressure engine. — ^Thought. that to ^en^* 
sure safety, the boiler should be able to withstand the proof 
of two or three times the pressure to which it was after- 
wards likely to be put, or rather the pressure to which it 
should be limited ;^ if, for instance, it was meant to work it 
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at fifty pounds' presgure, and it stood the proof of one 
hundred and fifty pounds, the presumption would be that 
it was secure; but, in the course of two or three years, any 
boiler would wear out — Would reconunend an additional 
safety-yalre, to which the parson working the engine should 
not have access. 

Preferred malleable iron or copper for boilers, because 
it would not burst by an explosion as brittle metal would ; 
it would probably rend at the joints. — Was of opinion that 
the bofler should be adapted to the shape of the boot | and 
that being taken for granted, the safety would depend apon 
the strength of the metal, and not upon the form. ItahouUl 
be made of such strength, that any indenture would not 
affect it. Although the form approaching to cylindrical 
was of course stronger than any other form, that which asp^ 
proached nearest to a sphere was the strongest, but a <7- 
linder with hemispherical ends was best. 

Mr. Alexander Nimmo, of Dublin, Civil Engineer, 
called in and examined. Was of opinion that the beat 
form for the safety valve was that of an hemispherical cup, 
with its convex surface downwards, resting upon a ocdlu^, 
and to the bottom of the cup a weight was to be hui^y 
which had previously been adjusted ; by this means, the 
valve was steam-tight in every position, yet without dai^per 
of adhering, and must be lifted by the steam when it ex- 
ceeded a given pressure; but the valve might also be lifted 
by a chain attached to its upper side, which was incloaed 
within the iron case, and might be drawn up by the engrin^' • 
man, or any person on board, and which did not allow him 
to keep it down, or to confine it. Had also found it neces- 
sary to prevent the accumulation of water upon the top of 
this valve, arising from the condensed steam, when escap- 
ing; this was done by a small waste-pipe descending from 
the bottom of the pipe which conveyed away the waste 
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steam. Had thought i( 
l^rge, that iiie wteight which was laid on^ heihg of itself 
large, might easily admit of additioil. Employed two boilens 
commUnicating-y and two safety wvalTes; and a m^rciirial 
gaage, pnmded wMi receivers, «o « to jpre^l U»l»« of 
tl^ mencury in case of any sadden collapsatioB or dJsen^ago^ 
ment bf isteam, also a tnbe^ gi^i^ attached to the boiler^ 
which exhibited the levd of the water in the boilei^ «id 
precluded aay idte of dai^er in the minds of lb$ pdsseb^ 
gers. — ^Was of <qiinion that the construction of the ^ast^iion 
boiler admitted of its bang made of brought iron with 
equal strength; then the 'explosion of Ae cast iiuh one 
would be more dangerous, as it would fly in pieces, wherei* 
as the other would probdbly tear* 

It was scarcely possible to fcHin cast iron eteiy wher» 
equally strong, and if a ^art be weaker than the rest, either 
on purpose or by accident, that would not ha^e tb» safety 
that would be obtafaed by a wrought-iron boiler : fixr in* 
stance, in cast-atm boileiB, it was common to have holes^ 
and if these were filled with some metal of different melt* 
ing t^nperature from cast iron, more fumble f&r instance 
than that, the juncture would part first, and it might be 
made to tear as awrought-iron boiler would do; andagain^ 
the wroij^ht iron was so much more liable to nxydation 
than cast iron, that althoi^ found very efficient at first, 
its strength and tenacity might be very speedily altered ; 
fen* these reasons, cast4ron boilers had been preferred where 
high-pressure et^ines were used; and, in small tidies, 
the tenacky of east iron could foe made greatly to ex^ 
ceed that which oould foe given to wrought iron m the 
same form. 

Mr. AuTHim Woolp, of Pool, in Comwsdl, Civil Engi- 
neer, called in and examined. Approved of the cast-iron 
boilers in preferanee to any mixture of metab, partii^lariy 
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those composed of a number of tubes; it beingf tiwajune^ 
cessary in boilers to have a certain quantity of surface ex- 
posed to the action of the fire, to contain heat and steam ; 
and if that were done in one vessel, of course it most be of 
considerable size greater in diameter than if composed of a 
number of tubes; and the risk of explosion is in propor- 
tion to its quantity of surface. — Considered his patent boil* 
ers calculated for every purpose; they wore generaDy 
adapted to high-pressure steam ; his patent was taken oat 
fyr a safe boiler for a high-pressure engine ; indeed, in his 
own engines, he did not work the steam to that height as 
was done in what were called the high-pressure eng^ines, 
as die novelty of his engine was that it worked the steam 
twice over. — ^Made his boilers to stand from fourteen to 
twenty times the pressure he ever made use of, and em- 
ployed two safety-valves. — Did not think that die wrought- 
iron boiler, would separate into so many pieces as the cast* 
iron boiler, but had no hesitation in saying, that caMt-inm 
boilers were safer than wrought-iron boilers. — Could make 
a cast-iron boiler stronger and more to be depended on &ft 
great pressure than wrought-iron ; but where great pre»» 
sure was not wanted, wrought-iron could be made suffidU 
ently stnmg to depend on ; and was of opinion, that as 
great a number of accidents had happened from the bnrsU 
iug of wrought-iron boilers as fttmi cast ones. 

Mr. Andrew Vivian, Miner and Engineer, of Cain- 
borne, in Cornwall, called in and examined. Considered 
that the danger attendant on working steam engines arose 
from making the steam vessel of insufficient strength for 
the steam ; every engineer ought to be well acquainted 
with the power of the steam, and make the ntrum troscls 
in proportion to the strength of the steam required.-— Re- 
commended the use of not less than two safety-yalves 
on every boiler where a high pressure of steam was re« 
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qunre^, ancl thai the boilers be made of sofficieat lArextgth^ 
and proved before used*— ^To prove the boil^^ it was firi^ 
necessary to fill it with water^ loading the iaiety-valves 
with ten er twelve times the Weight required for the engine, 
and then by mjecting water into them, so as to lift Aoae 
valves with ten times the weight required/-^-4I!onceived that 
a boiler so proved, and furnished with (Safety** valves, pro- 
perly adjusted to its contents, was perfectly safe in working 
with steam^ whether high or low pressure.— Was accustom^ 
ed to load the ei^nes in the mines under his direction, to 
about forty pounds an inch; tod the valves were then 
Idaded to about forty-five pounds<^— Thinks it very possible 
to lock up one of the valves, which may be so constructed 
as not to be liable to accidents from explosicm.— *Did not 
see any reascm why, in any situation whatever, the use of 
an eng^ine should be limited to the low-pressure, or that 
which is usually called the condensing engine^-^^Conceived 
that cast iron could be made much stronger than wrought 
iron, with lesGt difliculty i s(nne of the cast-iron boilers 
beiiig made two inches thick ; and to make a wrought^iron 
boiler equally strong as that, would be v^ry difficult to be 
accomplished by workmen.-^Had known of no accident 
with high-pressure steam and cast-iron boilers ; but had 
known an accident happen working with Boulton and 
Watt's low-^pressure engine, which .was on the 28th of 
November, 1811, in Wheal Abraham mine ; a wrought-iron 
boiler, working with low-pressure steam, exploded there^ 
and scalded six men, three of whom died of the bums they 
received in the course of a week afterwards. — Did not re^ 
collect any instance in which a wrought-iron boiler ex^ 
ploded, so as that any persons were killed by the frag- 
ments. — ^Did not conceive that water could issue to any 
great distance from a high-pressure boiler, as it must soon 
be steam.-^Had never known any persons scalded by the 
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steam or the irater issuing from a high^presinire 
but remembered many instances of persons being scalded 
from the same cause by a low-pressure engine, only one of 
which came directly under hb own eye. — W&s quite of 
opinion, that boilers made of wrought iron for high-prea* 
sure engines would soon become leaky, and that too witlii- 
out exploding* Knew an instance of a boiler of that des^ 
criptk>n made, which became leaky and unfit for use in a 
very short time; the consequence of which was, the work- 
ing of the mine was stopped, and a great number of people 
thrown out of employ. — Supposing the only object to be 
safety to the lives or limbs of the persons who should be 
surrounding, the engine, would, in that case, prefer Jiann^ 
the boiler of a high-pressure engine of cast iron, becaEoee 
it could certainly be made stronger than wrought iron for 
the same expense; while he considered the risk was so small 
as that it scarcely need be taken into the question, becanae 
all explosions might be easily prev^ited by proving' die 
boiler every time it was cleansed, which he thought should 
be at least every month. — Had found the use of a faig^ 
pressure engine of great advantage to the Cornidi minei^ 
which could be proved by the monthly reports.— -Gon** 
ceived that every engine ought to have two safety-valves^ 
and one should be locked up to prevent careless engine- 
men doing mischief, which low-pressure engines are as 
liable to as high. — Was of opinion that a high-pressure 
engine did greater duty with the same coals than a low^ 
which could also be proved by the monthly reports.—^ 
Being desved to attend the Hon. Committee on the part of 
the proprietors of three of the largest mines in Cornwall^ 
the united mines of Crowan, Dolcoath, and Weal Unity^ 
they wished to state their hope, that the Legislature would 
not interfere to prevent the use of high-pressure enginea, 
either on board boats, or in any other way. 
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Mr. Thomas Lban, Il^lpector of Steam enginesy of Groir- 
an, in Cornwall, called in and examined. Was ^nployed 
by nearly the whole of the miners in Cornwall to inspect 
then" engines, and make monthly reports of the work they 
perfamied.--*C(»iceived Jth^re was no danger whatever 
in the use of high-pressure steam engines : and £ot this 
reason, that, in general, for an engine intended to be 
worked with high steam, the materials wa» made 
stronger in proportion than the materials used for 
steam of low-{»essure.-^Consid^:«d it of importance thai 
ev^7 boiler should have two safety-valves, one of which 
should be confined frpm the engine^^nan. 

In a boiler in which great strength was required, 
would certainly recommend cast iron, and had no doubt 
but it could be made much s^oi^r than wrought 
iron, the explosions that had happened in Cornwall 
having all been in wrought-k^m b(»lers, and from Iow« 
pressure steam.— *In every boil^ that was built, there 
was one part of it weaker than another, and it was 
hardly possible for a boiler to be thrown about in 
fragments to do mischief. Should not feel any hesita- 
tion to sit on the cast-iron boilers in Cornwall when an 
explosion took place, being convinced the explosion 
would take place at the und^ purt. — Was in the iiabit 
of working the high-pressure boiler at forty pounds to 
an inch, while they were proved to three hundred, and 
that too without iiguring the boiler. — Apprehended, that 
with a boiler so constructed, so proved, and guarded by 
two safety-valves, there would be no daii^r whatever 
in any situation ; and was also of opinion, that the high- 
pressure engines in .Cornwall had saved at least two- 
fifths of the whole consumption of coals in the county ; 
in some instances it had saved three-fifths. 

Mr. Georges Dodi> again cfjled in and examined. 

H 
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Witniess wished to offer to the Committee a seeoiid 
safety-yalye, which admitted of being locked up so as 
to be inaccessible to the engineer. This was fumisJied 
with a flat bottom, resting upon a flat circular ring; 
the steam escaping from the sides of the box through 
apertures, so constructed as that nothing could be intro- 
duced to impede its action. 

William Lester, Esq. of Lambeth, called in and 
examined. Witness attended for the purpose of deliver- 
ing the drawing of a valve so constructed, as to preyent 
the possibility of any person having access to it to prevent 
its action ; it was self-acting entirely from the gravity of 
a column of water acting upon the valve, which pre* 
vented its being locked by any mode, and it could not 
adhere because it was not a cone acting in another cone^ 
but a flat surface pressing upon the top of a cylinder; 
and being enclosed in a box, and the steam gettii^ oat at 
the bottom, no matter could get upon the valve to cause 
its adhesion. 



REPORT. 

>. 

The Select Committee appointed to consider of the aieans 
of preventing the mischief of Explosion from happening 
on board Steam-Boats^ to the danger or destruction of his 
Majesty's Subjects on board such Boats; and who were em- 
powered to report their observations and opinion thereupon 
to the House; together with the Minutes of the Evidence' 
taken before tbem ; have, pursuant to the Order of the Honae» 
considered the matters to them referred, and agreed to the fof. 
lowing Report: — 
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Your Committee entered on the task^ assig'n^ them^ 
with a strong feeling of the iii^xp^iency of legislative 
interference with the management of private concerns or 
property, farther than the public safety should demand, 
and more especially with the exertions of that mechanical 
skill and ingenuity, in which the artists of this country are 
so pre-eminent, by which the labour of man has been 
greatly abridged, the manufactures of the country carried 
to an untivalled perfection, and its commerce extended 
over the whole world. 

Among these, it is impossible for a moment to overlook 
the introduction of steam as a most powerful agent, of 
almost universal application, and of such utility, that but 
for its assistance, a very large portion of the workmen 
employed in an extensive mineral district of this kingdcmi, 
would be deprived of their subsistence. 

A reference to the evidence taken before your Com« 
mittee, will also shew with what advantage this power has 
lately been applied, in Great Britain, to propel vessels 
bothjof burdeti and passage; how much more extensively 
it has been used in America, and of what farther applica- 
tion it is certainly capable, if it may not be said to be 
even now anticipated in prospect. 

Such considerations 'have rendered your Conunittee 
still more averse than when they entered on the inquiry, 
to propose to the House the adoption of any legisla- 
tive measure, by which the science and ingenuity of 
our artists might even appear to be fettered or discou- 
raged. . 

. But they apprehend that a consideration of what is 
due to public safety, has on several occasions established 
the principle, that where that safety may be endangered 
by ignorance, avarice, or inattention, against which indi- 
viduals are unable, either from the want of knowledge, 

h2 
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or of the power to protect themselTeSy it becomes the duty 
of Parliameiit to interpose. 

In fllostration of this principle, many instances might 
be given ; the enactments, respecting party-walls in build- 
ing, the qualification of physicians, pilots, &c« the re- 
gulations respecting stage-coaches, &c. seem all to be 
g^unded upon it. And your Committee are of opinioB, 
that its operation may, with at least equal propriety, be 
extended to the present case, on account of the dis^ 
astrous consequences likely to ensue from the explosion 
of the boiler of a steam engine in a passage-yessely mid 
that the causes by which such accidents have generally 
been produced, have neither been discoverable by iha 
skill, nor controllable by the power of the passengers, 
even where they haVe been open to observation. 

Your Committee find it to be the universal opinion of 
all persons conversant in such subjects, that steam-eng^ines 
of some construction may be applied with perfect secorityf 
even to passage-vessels ; and they generally agree, though 
with some exceptions, that those called high*priP|iiMttti 
engines, may be safely used with the precaution of well- 
constructed boilers, and properly adapted safety-valves; 
and further, a great majority of opinions lean to boilers 
of wrought iron or metal, in preference to cast-iron. 

Your Committee, therefore, in consequence, have come 
to the following resolutions, which they pi^opose to the 
consideration of the House : 

1. Resolved, TImt it appears to this Committee, finoni 
the evidence of several experienced engineers, examiniiBdt 
before them, that the explosion in the steam-packet at 
Norwich, was caused not only by the improper coostmo- 
tion and materials of the boiler, but the safety-yalve 
connected with it having been overloaded; by which 
the expansive force of the steam was raised to a degrfee 
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of pressure, beyond that which the .boiler was caleu« 
fated to sustain. 

2. ResolFed^ That it appears to this Committee, that 
in the instances of similar explosions, in steam-packets, 
manufiictories, and other works where steam-engines 
were employed, these accidents were attributable to one 
or other of the causes above alluded to. 

3. Resolyed, That it is the opinion of this Commit- 
tee, that, for the prevention of such accidents in future, 
the means are simple and easy, and not likely to be at- 
tended with any inconveniences to the proprietors of 
steam-packets, nor with any such additional expense as 
can either be injurious to the owners, or tend to prevent 
the increase of such establishments. The means which 
your Committee would recommend, are comprised in 
the following regulations : 

That all steam-packets carrying passengers for hire, 
should be registered at the port nearest to the place 
from or to which they proceed: — ^That all boilers be- 
longing to the engines by which such vessels shall be 
worked, should be cmnposed of wrought iron or copper : 
— That every boiler on board such steam-pack<?t should, 
previous to the packet being used for the conyeyance of 
passengers, be submitted to the inspectipn of a skilful en- 
gineer, or other person conversant with the su)>ject, who 
diould ascertain, by trial, the strength of such boiler, and 
should certify his opinion of its suffici^nt strength, and of 
the security with which it might be employed to the ex- 
t^it proposed : — That every such boiler should be pro- 
vided with two sufficient safety-valves, one of which should 
be inaccessible to the engine-man, and the other acceasible 
both to him and to the persons on board the pack^ : — 
That the inspector shall examine such safety-valves, and 
shall certify what is the pressure at which such safety- 
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valves shall open, which pressure shall not exceed onei* 
third of that by which the boiler has been proved, nor 
one-sixth of that which by calculation it shall b^ reckoned 
able to sustain : — ^That a penalty shall be inflicted on any 
person placing additional weight on either of the safety- 
valves. 

4. Resolved, That the Chairman be directed to move 
the House, that leave be given to bring in a Bill for en- 
forcing such regulations as may be necessary for the bet- 
ter management of steam-packets, and for the security of 
his Majesty's subjects who may be passengers therein. 



In the evidence and Report to which we have already 
had occasion to call the reader's attention, the comparative 
safety of Steam Navigation is very satisfactorily examined. 
Another and more voluminous body of evidence has boiw* 
ever been subsequently published, which shows how ap- 
plicable, as a prime mover, steam may be made under all 
circumstances. The following is a condensed analysis of 
the evidence given before the Committee of the House of 
Commons, on the conveyance of the mails by Holyhead. ' 

George Henry Freeling, Esq. was the first called 
in ; and examined. Had the principal management of 
the Holyhead steam paclcets. The Postmasters General 
had been obliged to purchase all the sailing packets, and 
and to clear the station for the introduction of those ves- 
sels ; the object was, at first, to make the steam auxiliary 
to the sailing packets, but it had been found that the 
steam packets could do even more than the sailing 
packets, consequently two sailing vessels ^were kept 
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as auxiliary to the steam. Employed three steam vessels 
exclusive of the Tartar. The Royal Sovorereigii of 210 
tons, and the Meteor of 190 ; the Sovereign being fitted 
'v^ith two engines of forty-horse pcjwer each, and the Me- 
teor with two engines of thirty-horse power ; they were 
both constructed by Boulton and Watt. The vessels were 
built in the river Thames, by a person of the name of 
Evans, at Rotherhithe, on purpose for the service, under 
the inspection of the ofiicers of* the Navy Board; they 
were built upon Sir Robert Sepping's principle of the 
diagonal fastening, and made particularly strong. The 
Ivanhoe of 165 tons was formerly on the Holyhead station 
as a private vessel ; the power of the engines fifty-six horse, 
and was not so strongly constructed as the others. The 
intercourse had been very much facilitated, by the intro- 
duction of steam boats; it was now almost reduced to a 
certainty. In the year preceduig the introduction of the 
steam vessels, exactly a hundred mails arrived in London 
after they were due, and in nine months that the steam 
vessels had been running, including the winter season, there 
had been twenty-two only.* 

* Mr. Freeling delivered in a paper, which was read, as follows]: 
'< From the Return made to the Order of the Committee on Holyhead 
Roads, of the number of voyages performed by the Sovereign and Meteor, 
it appears, that in a period of ^65 days to the 20th of February last, they 
have made 205 passages only. 

*< The remaining 60 days may be thus accounted for ; — 

The Talbot was on duty - - - 16 days. 
The Ivanhoe - - -* - . 6 — 
The Tartar ------ 8 — 

*' In thirty instances no steam packet left Holyhead ; in eleven of these, 
whilst th^ steam packets were under repair the mails were dispatched by 
sailing] vessels which^ effected the passage, in four instances, in time for 
the departure of the coaches from Dublin. 

" In the other nineteen instances, the weather prevented any vessel from 
patting to sea, or forced the steam packets back after having put out. 

** Twenty-five mails have been brought from Ireland by sailing packets. 
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The weather, the b^inning of the winter, was wors^ 
than has been known for more than mxij years. Had 
proof that the steam packets would go to sea in breather 
when sailing packets could not have gone to sea ; the cap- 
tains had always considered that it would not be prudent 
to go to sea, if they were obliged to be under a tbree- 
reefed mainsail, and the steam packets had gone out in 
weather in which the sailing packets would hare been 
obliged to be so. The longest passage, was seFeuteen 
hours and twenty minutes. The shortest passage, ia a 
gale of wind, five hours and thirty minutes. The airefage 
of the passages of the Sorereign from Howth to.Holy* 
head, was six hours and fifty-Steven minutes, and the 
Meteor seven hours and four minutes and a fractimu Te 
Howth, the Sovereign seven hours thirty-six minutes and 
a quarter, the Meteor eight hours and thirte^i mniiiles; 
the shortest passage was from Howth, five hours and 
thirty minutes. Sometimes the weather was so bad^ tiie 
steam packets could not venture to put out The best 
point for a steam vessel, in very bad weather, is direody 
head to wind ; both wheels can then act at the same time* 
The captains sometimes keep the vessel away, when it is 
blowing very strong, two or three points ; then, when they 
get on the opposite coast, they will take in their saiL^ and 
steam to the harbour in smoother water. Conceived diat 
the success of the Sovereign and the Meteor, was very 
much to be attributed to the superior manner in which 
they were constructed. Had attempted to gain some in- 
formation about every steam vessel which had been built, 
and was convinced those vessels would do what no other 
vessel could do; they would go to sea in weather when 

** The steam packets hare been too late for the Liyerpool mail in abont 
forty instances, and the lK>odon mail has been out of ooun^in twvnly* 
two cases only.^* 



notbing else could. Attrftnited ll^it nol only to the ma- 
chinery, but to the weight of the hull; a l^hter yestel in 
a heavy sea would be checked, but those ressek had from 
their weight a momentum so great, that it carried them on 
when a lighter yessel would have been checked; the 
weight acting as a fly-wheel. They ar« filled in s<^, 
and they are nothii^ but masses of wood and copper. 
Witness had the authority of Mr. Lang of the Navy Board 
for stating that, with the exceptu>n of the discovery ships, 
th^re were no vessels so throng as the Meteor and So- 
vereign. 

With the view that th^re might be a sufficfen^ time al-' 
lowed for^ looking over the machinery and the vessek, it 
was arranged that they should each be six days at sea and 
three days in harbour, which afforded ample time for in- 
specti^ the machinery ; tkit had been fixed in a great 
measure with reference to the engineers themselves, who 
i9tated that that time was more than sufiicient fcnr it. — £ach 
engineer had charge of his own engine. There were four 
csqptains, who take it in turn; there being three vessels, 
each has charge of the vessel going the six days in turn, 
and once in a month the captams go off duty for ei^ht 
days, the fourth allows a rdief ; the engineer being under 
the conrunand of the captain. Th«;« are sixteen naen on 
board each vessel ; as the work is very severe, there being 
(Nily two vessels running ev^y day, the compliment for 
them, when a third is upon the station, is fifteen for the 
Sovereign, being the largest vessel, fourteen for the Meteor, 
and fourteen for the Ivanfaoe. — ^After each voyage, it tdies 
a good while to clear the boilers, as they must be allowed 
to cool ; the cold air must not be let in ; it was found to 
crystallize the salt and injure the bcnlerB, and we were 
obliged to cease doing that. — The acddents mig)it almost 
entirely be attributed to the .use of oast iro^; the «rass 
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ban and the beams were of cast iron, and if any water 
was in the cylinder at starting, the check caused the cast 
iron to break. — ^Had now got them made of wroug^ht iron, 
but the lower beams of the engines, which are very large, 
are still of cast iron ; there must be some part of the en- 
gine left to giye way in case of any emergency, which was 
better than destroying the cylinder. — Scarcely found the 
sails sufficient to navigate the vessels in case the ^ig^ines 
failed ; there was sufficient to do it in case of emergency ; 
but they had been trying experiments on the Dover 8t»- 
tion with different sorts of sails, and found lug-sails more 
powerful than any others, and had now sent down lugi-«ails 
for the Holyhead packets instead of their fore and aft- aaib. 
A packet being a large vessel, it would not enable her per* 
haps to fetch to windward, but she would be able to reach 
some port ; but there being two engines, they could be dis- 
connected, and one worked without the other; it had hap- 
pened that a packet had proceeded using 6ne engine cmly. 
That was in case the main shaft did not break. 

It was hardly possible to draw a fair comparison between 
the Sovereign and the Meteor, one of them having twenty- 
horse power more than the other ; the bow of the Sore- 
reign was infinitely superior to the bow of the Meteor, but 
the quarter of the Meteor was much better than the 
quarter of the Sovereign ; if we could take the bow of 
the Sovereign and the quarter of the Meteor, we should 
make a perfect vessel. A good engine, with a sixty-horse 
power, would drive that vessel as fast as the Sovereigpti 
with her eighty. She would be equally calculated for the 
bad weather. — Witness found of the Sovereign and Me- 
teor, the Sovereign was the best vessel going head to 
wind from her power ; but in blowing weather with can- 
vas, the Meteor was certainly superior. When we were 
going round to Holyhead firom the river, we had 
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very bad weather oflT Beachy Head, and while the Sove- 
reign was labouring in a sea, both under cahyas, the 
Meteor shot by us ; thought she would have been down 
upon our deck; almost when we got round the Land's 
End, the weather was so extremely bad, that we had 
hardly head«way, and we thought we should have been 
driven up to Bristol, fortunately the wind moderated, and 
we were able to get into Milford. We were so anxious 
to get the vessels round, that the Meteor left the river 
*in a very ihccnnplete state ; we had shipped several peo* 
pie in th^ river Thames who were sick and useless, and 
when we came to the very worst, there were only four 
people on board the Meteor who could stand on their 
legs; considering all circumstances, this could scarcely 
be taken as a fair trial, but on the whole the Meteor did 
as well as the Sovereign. 

Had two post-office steam packets between Dover and 
Calais. One of them had gone through the winter, the 
other had only lately gone round ; but from their draught 
of water, and the difficulties of the harbour on each side, 
Calais and Dover being dry harbours, and their not 
being able to run into them at all times, the captains had 
not thought it prudent to go in such weather as the Holy- 
head packets had put to sea. — ^A vessel constructed with 
all the properties of sailing, with the Sovereign's bow and 
the Meteor's quarter, might have a steam engine put into 
her, and answer as well as the Meteor or the Sovereign, as 
far as the hull was concerned ; the object being velocity 
through the water, whether the vessel be propelled by 
machin^y or by canvas. The boilers in the Holyhead 
packets were low-pressure. Mr. Watt, witness believed, 
was the inventor of the original high-pressure engine, but 
aflfcerwards abandoned it on account of the danger. No 
cases of late had happened of accident from the bursting 
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Df boilers. Hie bursdi^ of the boilers in either oi'tko&e 
two packets would interfere with the action of the steam- 
engine, but would not be attended with dangerous cons^ 
quenoes to the crew. The boiler would not burst, it would 
rend or open. There could be no explosion which anise 
from its being made of wrought iron. To prevent acci- 
dents by fire on board the post-office steam-packets, there 
is a greater space ; the engineer can get round the boilen 
and under them and over them ; in addition to the outer 
case round the bottom of -that part of the funnel which is 
near the deck there is a third iron flanch which eomef 
from the funnel to the deck. The coals and wood for 
fiiel were now stowed in iron cases, in the engine rocmou 

Captain William Rogers, called in and examiaed. 
Witness was commander of one of the Holyhead steam 
packets ; they had fully answered the expectations fimned 
of them. Had crossed in the Meteor on the 5th of February, 
in the heaviest sea seen for eight years. When no sailii^ 
packet could carry canvas, they must have laid to ; left at 
nine at night, and arrived at six the next momingw-^-flad 
observed that, in crossing the Channel with an adyerse 
wind, the passage was accomplished under easier circam- 
stances than could possibly be done in a sailing vessel^ in- 
asmuch as they were enabled to go head to wind, and in 
one-half of the time upon the average. 

In building a steam-boat, she ought to have a fine en- 
trance, and her bow to flear off, not to shove any water 
before her ; any water she shoves before her must be an 
impediment to the sailing ; she should have a fine entrancse^ 
a good line of bearing, and her transom pretty square, and 
not too high ; the more you can stop a vessel from pitdi- 
ing and rolling the quicker she will go ; found with re* 
gard to the Scotch boats that all their transoms Weore too 
high and too narrow, the consequence oi which is, dial 
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with a head sea ihey go with their stern under ; htd seei 
them go boat and erery thing under; the transom being 
square and low and fine under, so as to give them a rig^t 
line of beaiing, will stop their pitching and rolling, and 
make th^n easy on the sea and add to their speed. At* 
tended the building of the Meteor and the Sorereign* 
They are filled up solid to the floor-head, caulked inside 
and out, havii^ no tree nails, but bolted and copper 
nailed. The bolts are driven upon a ring and clenched at 
both ends. The diagonal fastening is a plank three inches 
thick fi^re and aft, three and a half thick midships, and 
nine wide leadil^ from the floor-head to the shelf, takii^ 
in five or six timbers; and then it is filled by truss pieces 
into triangles, so that it is almost impossible that the form 
of the vessel can alter. 

Should prefer BouHon and Watt's engine to any other ; 
their boilers being very superior, and never short of 
steam. - Boulton and Watt had been accustomed to vesseb 
for rivers, and the engines Were made rather too slight for 
our Channel ; the shafts were hollow, and offcast iron, but 
they had been replaced by solid shafts. — Was able always 
to keep one engme at work out of the two, unless the 
shaft failed. The shaft being the only part common to 
both engines, and therefore unless the shaft is broken, the 
two eng^ines are not disabled. Comparing the Meteor and 
the Sovereign with any other steam boats, witness had 
seen, considered them as infinitely superior both in con- 
struction and safety. Had nevear half exhausted the fueli 
used about eight hundred weight in the Sovereigpa per 
hour; in the Talbot an4 Ivanhoe they each consume about 
fonrte^i hundred weight The Meteor about five hundred 
weight The Sovere^ has two forties^ and the Meteor 
two ihhrty-horse eiq^es. Found the Sovereign a supe- 
rior ves«6fl hi ctmeqvt^we of this increeise oi ppwer. 
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Thought the Meteor the best boat in a gale of wind. Sails 
assist the yessel very much. Had used them every way 
except going head to wind, within four points of the wind. 
Had found the Sovereign go as fast in a calm as at any 
other time. It must not be thought that a steam boat 
running before the wind in a gale and a heavy sea, that 
she ought to make the quickest passage, as we are then 
obliged to shut off half the steam, or great part of it ; fijr 
should you allow the full power to be on, the wheels mn- 
ning two or three times round without touching^ any 
thing between the trough of the sea, and then being 
brought up all at once, something would probably give 
way ; but by thus moderating the steam there is no fear; 
the engine goes as easy as a glove. The sails serve to 
steady the motion. 

Witness was of opinion that in the event of the engfine 
failing, with the assistance of sails and the anchor, the 
packet might always be kept in perfect safety. Improve 
inents have been made lately to give steam packets more 
power of canvas. Three more cloths are put in the main- 
sail, and a very large fore-lug ; the afier one remaiu a 
schooner sail. — ^Witness wished the Committee to under- 
stand that in any weather, however severe, the steam- 
boats would stand that weather as well as any sailing boat; 
the more wind the better for the steam boats ; that was 
where they showed their superiority. 

Witness left Gravesend on board the Sovereign, in cmh- 
pany with the Meteor steam-packet, with seven or e^ht men 
on board of each. At 9 anchored in the Downs, blowii^ 
very hard; "she rode very easy with thirty-five fathom of 
cable in five fathoms water. On Thursday the 18th» fresh 
gales from W.S.W. 5, a.m. weighed anchor and steamed 
for Portsmouth ; wind dead on end. 4. p. m. made the Owers 
light ; hazy weather. 9. p. m. very heavy gales and thick 
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weather. Witness asked the engineer what coals he had 
on board, was told fire hours; was then obliged to steam 
in for the land. At 10 made the Nab light upon the, star- 
board quarter, about a quarter of a mile ; shortened steam 
for the Meteor to come up. At eleven anchored at St. 
Helen's in six fathoms water, with forty fathom cable ; 
hard gale. On the 19th, 3.30. a. m. weighed anchor and 
ran into Portsmouth harbour; made fast to one of the 
buoys alongside his majesty's ship the Queen Charlotte ; 
then we were employed in getting coals in, and very bad 
they were. At 4. 20. got under weigh and steamed out of 
the harbour, and at 9 passed through the Needles, against 
a flood tide. Thus day was fine weather, and light airs 
from the N. W. At 1. 30. p. m. anchored in Falmouth 
harbour ; there we remained 'a week to clean the boilers, 
caulk the decks, and so on. Sailed from Falmouth the 
26th, wind N. W. fresh gales. At 5. 30. passed the Long- 
ships lights. At 9 in a squall, with heavy rain, the wind 
shifted to the N.N.E. blowing very heavy, and a heavy 
sea, the vessels going from three knots to three and a half, 
head to wind, blowing hard. At 7 made Lundy Island, 
bearing E. by S. ; passed several vessels lying to ; passed a 
large smack, lying to, under close reefed mainsail. At 8 
made sail upon the vessel ; stood more to the southward 
into the Bristol Channel to smoothen the water. At noon 
more moderate ; . water smoother ; down all sails and 
steamed for Milford. At 5 anchored in Milford, found 
several vessels had been out in the gale, and obliged to 
put back ; the vessels thc^t had been put back, bound to 
Liverpool, said they had never experienced worse weather 
before for many years On Sunday evening the wind 
more moderate, and from N. to N. E. At 8. p. m. got 
under weigh. On Monday, at 4 p. m. arrived at Holyhead. 
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Was Sve days performuig' this Toyage, widi the wind right 
a head down the English Channel and up the Irish. 

To preyent her rolling, witness would take a foot off her 
beam in the first place, and make h^r bottom not quiite so ' 
round, and the engines placed nearer together, and bsr 
wheels not quite so wide on the side; they beiii|f'eq[kt 
feet wide. — ^Had observed in our vessels with wide whedi^ 
the lee wheel a great deal under the water, and the other 
out ; by the width of them, it increased the an^e ; oad 
although a wide wheel was of great advantage in a river, 
witness thought it a great disadvantage in a sea ; supposing 
there were two forty-horse power engines, would not kve 
more than a seven-feet wheel; and if there were twd 
thirty-horse power, six and a half, would be s u fltcie n i 
Those wheels would have power to give the packets Ae 
same speed they have at present ; we might lose twenty 
minutes in a calm, but we should gain two or three hoars 
in a gale of wind ; that has been tried in this river 'by the 
James Watt ; her paddles are nine feet wide, aild wiA mii 
half of them on, four and a half in length, she was Jenftd 
to go nearly nine knots, and she only goes ten with tiie 
whole on ; but after a vessel is got to go nine knois, it 
takes a great addition of power to make her go Che teniA. 
— On ImildiniBf a new vessel, would recomiiientt Wtitfs 
engine to be made use of; but should make &e engine 
much stronger in every part. 

In the event of building a new steam packet, 
would build her in the same manner as the others 
built, on Sir Robert Sepping's plan as to mode of fiurtetti^ 
ing, diagonal bracing, &c. &c. only a little finer At each 
end, and one foot narrower than the Sovereign and Me» 
teor ; to be 95 feet in the keel, 106 or 106 upon deck, and 
19 feet in the beam ; about 180 tons, her transoms eqmre^ 
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and not very high out of the water. The improvmnents 
in the engine would be to make them a little stronger, 
and the boilers of greater length, keeping them more from 
the side of the vessel, so that the heat might not affect 
her, and m<n*e room to go round them, and to put the 
boilers lower down. It would help to prevent their 
Tolling. — The Talbot's boilers are a little higher than the 
Ivanhoe; by putting the Ivanhoe's lower down, found she 
did not roll near as much. Would have the two main 
beams put close to the wheel, which would reduce the 
weight very much, and strengthen and make the vessel 
much easier, a6 by being so far asunder a great weight is ad- 
ded, which acts as a lever. There should be twelve paddles, 
about seven feet long, and nineteen to twenty-one inches 
wide* The engine should be something between sixty and 
eighty-horse power, but this must depend upon the fine- 
ness of the vessel, and the water she will draw. If the 
ei^ine is to be made much stronger, in that case we must 
not go further than two thirty-horse power engines, as 
then the weight might be too much. Should recommend 
with regard to the sails, a large lug forward, and a jib, 
and a fore and aft mainsail ; and in case any thing should 
happen to the engine, I would keep a square topsail on 
board, and a gaff topsail aft, but not to be used except in 
case of necessity. 

Mr. Jambs Brown, called in and examined. Belonged 
to the house of Boufton and Watt. Put up the engines 
en board the Meteor and Sovereign steam packets. Ge- 
nerally considered the working parts, the cross bars, the 
side Todls, and the side beams, failed first. Upon the Leith 
statibn, one. cht two cross bars have broken, and that was 
entirely from want of caution on the part of the engineer, 
in starting the engine ; there was one accident of a cross 

I 
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bar breaking in the Dasher. — Did not conceire it possible 
to make an engine without being liable to break ; there 
are some parts so small, that they must give way, and it is 
better the most insignificant parts should fail, thsai some of 
the principal ones, because they are easier repaired : for 
instance, it would be better for the cross bar to break, than 
the side beam, and if not either of those two, that some of 
the cutters or straps of the side rod should go. lliey 
^ould be more easy to repair, and if the engine-man odes 
any thing going wrong, he has only to let off the steam; 
as there are generally duplicates on board of those parts 
liable to accident. It would be better to lower the whole 
machinery together, bring the engines nearer the centre of 
the vessel, and let the boilers rest upon the keelson ; they 
could then be painted every month, which would he's 
great advantage, for the action of the salt water is very de« 
trimental to the iron ; they ought to be painted every three 
weeks, or every month ; where a boiler will not leak widi 
fresh water, it will with salt water ; and it forms ineros* 
tations upon the surface by exposure to the atmosphere; 
they should be pumped out, and frequently cleaned*— 
Would make the paddle wheels the same as for the Leith 
vessels; they are made with wooden floats in one pieee^ 
having three sets of arms, and the bolts are of a peculiar 
description, which allows the paddles to slip from the outer 
end of the arm towards the centre of the shaft, by whidi 
means a vessel may use her sails tKe same as any other 
vessel ; should any thing give way, there would be no- 
thing but the arms in the water. In case of accident^ thete 
would be only four or five paddles to get rid of; the foor 
topmost paddles would be slackened, and fall towards Iks 
centre of each wheel ; the wheels would then be toned 
round, and the bare arms would be in the water. Tli^ 
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water gets upon the top of th^ piston, from the condensed 
steam that forms from the boilers after the passage is over ; 
it gets through the st«am pipe to the cylinder, and con-- 
denses there, perhaps to the depth of eighteen inches on 
the top of the piston, and if the engine is started suddenly 
without its beii^ cleared away, it has not time to get 
through the thoroughfares. The consequence is, that it is 
januned between the top of the piston and the under side 
of the cylinder cover^ and ^isks the breakage of some part* 
as water will not compress, something mxust give way, and 
the weaker parts of course will go first. 

The city of Edinburgh steam vessel, is employed to go 
from London to Leith ; she went there during last season. 
Her first passage was. extremely rough, we were eighty- 
four hours making the passage. The shortest time was 
fifty-eight hours. The distance is 450 miles. Her ton- 
nage is 401 toiis, the length upon deck 143 feet, and 14 
feet depth in the hold. She has not diagonal timbers ; she 
is butit the same as other merchant vessels. No rolling 
of the vessel could throw the fire about; she most be 
pitching to a great degree, if th^t was to take place. — ^The 
coals are carried in boxes in front of the boilers, so as to 
be right and left for the fireman. They are generally proi* 
vided with two safety-valves, and the steam used is about 
from two and a half to three pounds pressure upon a square 
inch, at which pressure it blows off by the safety-valve of 
its own accord. 

Boulton ^d Watt have made them for many years in 
the way they now are, inaccessible for any person to load 
them by putting additional weight upon them. — Witness 
had seen the Scotch engine men, in starting their engines, 
place their feet upon the safety-valve. Supposing that the 
safety-valves flbould get choked, the steam would come off 

i2 
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at the feed-pipes. It would not give way under any cir- 
cumstance, not even though the valres were choked, the 
pressure is so extremely sniall ; the boilers are calculated 
to sustain fifty times, the pressure required of them. If any 
part of the boiler, by length of use, became very thin, and 
gave way, it would merely rend, if malleable iron. The 
accidents that happened from boilers^ sometimie ago, were 
owing to their being on the high-pressure principle, and 
being made of cast iron. When made of cast iron, .and the 
pressure too high, they gave way, and the metal flew just 
like a shell* Malleable iron tears and rends, without 
flying or doing injury. The experiments made in the river 
with the Meteor, shewed that she consumed about seven 
bushels per hour, rather under, she was then working above 
her full speed : the Sovereign was from nine and a quatrt^r 
to nine and a half; the Meteor has two thirty-horse en- 
gines, and the Sovereign two f<M'ty-horse engines ; the latter 
when using that quantity of coal, was going about nine 
miles and three quarters through the water per hour. A 
bushel of good Newcastle coals is reckoned equal to ft 
hundred weight of Scotch coal^ so that it comes to very 
nearly the same thing; the Scotch coal generally bum&r 
very free, and so does the Staflbrdshire; but th^ bushel of 
Newcastle coal, is equal to a hundred weight of either. — 
The standard bushel should weigh eighty-eight pounds ; 
the best Walls End eighty; and the Wylam seventy- 
seven ; found that by actual weight, the specific gravity 
of the Wylam coal was much under that of the Walls 
End, the latter was not good for working engines. The 
best coal for working engines is the Halbeath or Inver- 
keithmg, from a place in Fife called Inverkeithing. — 
Their peculiar quality is that of burning free, and be* 
comiiig completely white ashes, without caking upon the 
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fire bars. — It is a great object to get good coals. In the 
first passage that I went with the City of Edinburgh from< 
London to Leith, the coals were very indifferent, and we 
were obliged to clear the fire every Ibur hours. In com* 
ing back, we had a description of coal called Halbeadi 
Main, and with them went sixteen hours without cleaning 
the grates; the sulphur in coals will destroy the fire barf 
in a short time. 



CHAPTER V. 



Cylinder and Piston — Condenser — Air^Pump --^Baro^ 
meter and Steam^Gauge — Working Beam — Parallel 
Motion — Counter — Sun and Planet Wheel — Fly 
and other Modes of regulating Velocity-^Governor — 
— Boiler — Safety^ Valves — Furnace. 

Having taken a brief review of the early history 
and general principle of this stupendous machine, it may 
be advisable before we proceed to a description of the 
principal engines now employed, to examine more minutely 
the separate parts and the progressive improvements ef- 
fected in each. 

The cylinder and piston being those parts of the engine 
in which the effective force is more immediately produced, 
may first claim attention. 

The piston of the atmospheric engine is generally made 
of cast iron nearly fitting the inside of the cylinder, a cir- 
cular ledge or rim being formed round it to receive the 
packing, without which the steam would find a passage 
through the interstices in the cylinder. Mr. Smeaton, who 
greatly improved the atmospheric engine, coated the under 
side of the piston with elm or beech planks about two 
inches and a quarter thick; the wooden bottom being 
screwed to the iron with a double thickness of flannel and 
tar, to exclude the air between the iron and the wood. By 
the adoption of this improvement itsproperty of conducting 
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beat was diminished, and the wood having been previa 
ously jointed with the grain radiating in all directions 
from the centre, was not liable to expand very matmally 
by the heated steam. This piston waskept air-tight by a 
small stream of water continually falling on its upper sur- 
face ; but in Mr. Watt's engine he was compelled to effect 
this by improving the fitting of the piston, the old mode 
being inadmissible. 




It is now cast with a projecting rim at bottom^ which .is 
fitted as accurately to the cylinder as it can be, to leave 
it at full liberty to rise and fall through the whole length. 
The p^rt of the piston above the rim is a little less all 
round than the cylinder, to leave a circular groove for the 
hemp which forms the packing. To keep this in its place, 
a lid or cover is put over the top of the piston, with a ring 
or projecting part, which enters into the circular groove for 
the packing, h A, and pressing upon it the plate is forced 
down by screws, i i, which work into the body of the pis-* 
ton at a. By this means the packing is made to fill the 
diameter of the cylinder with tolerable accuracy, and to 
prevent for a time any steam passing between the piston 
and the cylinder. The connection with lllie piston-rod 
is seen at re. When, however, by continued working 
the piston became too easy, and so occasioned a waste of 
steam, it was found necessary to take off the top of the 
cylinder to get at the screws, even when fresh hemp or 
packing was not wanted, and this operajtion being attended 
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with considerable labour, was seldom resorted to by the 
engine-man till a great waste of steam had taken 
place. By an improvement on this piston introduced bjr 
Mr. Woolfy this is now. effected without taking off the 
cylinder cover, except, indeed, when new packing is 
required. \ 

To accomplish this, Mr. Woolf festens on the head of 
each of the screws a small cog-wheel or nut, and these are 
all connected together f>y means of a central wheel work- 
ing loose upon the piston-rod in such a manner, that if any 
one of the screws be turned a similar motion is given to the 
remainder, a small cap being provided in the upper end of 
the cylinder screwed down by bolts to make it steam tight. 
In a piston thus constructed, there is little difficulty in 
drawing down the packing, by applying a key to the square 
head of the projecting screw employed to communicate 
with the rest. Another method contrived by Mr. Woolf 
for the smaller pistons differs but little from the preceding 
in construction. Instead of having several screws all 
worked down by one motion, there is in this but one screw^ 
and that one cut upon the piston-rod itself; on this is 
placed a wheel, the centre of which is furnished with s^ 
female screw, which is forced down by means of a piniom 
furnished with a square projecting head turned in a similar 
manner to the preceding. 

For high-pressure engines, however, the metallic piston 
invented by Mr. Cartwright has the most decided prefer- 
ence. This not only saves the trouble and expense of 
packing, whi^fa must be frequently renewed in all other 
engines, but also a great deal of steam, on account of the 
more accurate manner in which it is made to fit the cylin- 
der; this is effected in the following manner: Two 
metal rings are accurately ground into the cylinder, so 
that no steam can pass between their exterior sur&ce and 
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f tbe cylinder, their upper and under sides are 

r perfectly flat, and applied one upon the oth^* 

per ring is placed a plate of metal, n^er smaller 

ier than the cylinder, while a similar flat plate is 

elow the under rii^, both of which, with the rings 

are attached loosely to each other by means of 

4i-rod passing through them* 

il being thus formed, the rings are each of them 

three pieces, and in cutting them, such a portion 

metal is taken away as to leave room to introduce 

a two of the pieces^ a spring in form of the letter 

open end of which is placed outwards, almost close 

^ circumference; by which means the two pieces 

flst which the two sides of the spring act, are pressed 

the direction of the circumference, against the ends of 

3 third piece, so that the three pieces are thus kept so 

iiformly in contact with the cylinder, that the longer the 

lachine is worked, the better the rings must fit. To pre^ 

/ent steam passing through the cuts in the lower rings, the 

olid parts in those upon the upper side, are made to fall 

upon the divisions and springs of the under ones, thus in* 

terrupting the communication that would othenyise remain 

open, and forming a perfect break-joint. 




A diagram of Mr. Barton's piston is annexed : and it 
will be seen that the flexible springs tit operate on the 
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wedges cce and tus such must expand tbe remaining por- 
tionsy Tj), so as to ensure the accurate fitting of the piston. 
Mr. Perkin's piston will be examined in a future page. 
The interior surface of the cylinder in which the piston 
works, requires to be bored with the greatest exa9tnes8, 
though this was but little attended to in the early atmos- 
pheric engines, some of them being composed of timber, 
hooped together in the same manner as barrels are con- 
structed. Mr. Watt, in his first attempts at improvii^ the 
steam engine, employed this material in the construction of 
his cylinders, though he afterwards abandoned it for thoee 
of bored metal ; the operation of boring being performed 
with the greatest precision, by an apparatus invented, by 
Mr. Wilkinson.* 

Mr. Murray has also effected considerable improrements 
in this part of the engine, and the boring machines em- 
ployed in his manufactory are of considerable yalue. 
They are worked by a separate steam engine, which is 
never stopped during the operation, as in that case, a 
shoulder or ring would be formed, running comjdetdy 
round the cylinder. 

In small engines, it is common to place the cylinder 
within the boiler, in which case no artificial mode of re- 
taining the heat is required ; but to this arrangement in 
those of larger dimensions there are several objections, not 
the least of which is the frequent repairs that are necessary 
in the boiler ; and a similar efifect has been produced by 
the use of a double cylinder. This was first adopted by 
Messrs. Boulton and Watt, the outer cylinder or steam- 
jacket keeping the inner cylinder at the temperature of 
boiling water, by the action of a partition of steam made to 
pass between the jacket and the working cylinder. 

* For a description of Mr. Wilkinson'! patent cylinder apparatus, see 
Appendix, A. . 
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We hare already stated, that Mr. Watt's great improve- 
ment consisted in condensing the steam in a separate 
vessel where a vacuum was formed by the continued ap- 
plication of cold water. A metal box constructed for this 
purpose, and furnished with a pump for drawing off the 
water and air, is called a condenser. It is necessary that 
the parts appropriated to this purpose should be kept as 
cold as possible ; and upon this account the air-pump and 
condenser are placed in a cistern of cold water, which is 
kept full by the continued action of a pump, -also worked^ 
by the engine, and- called the cold water pump, a little 
being allowed to pass off continually to preserve the watw 
at an equable temperature. 

The air-pump and condenser are usually of the same 
size ; if of one-eighth, the capacity of the working cylinder, 
it will be found sufficient to keep the condenser eiiipty in 
Mr. Wattes single engine. The best proportion for a dou- 
ble-action engine is about two-thirds the diameter of the 
cylinder and half the length of stroke, the condenser, as in 
the single engine, being of similar capacity. 

In Mr. Maudslay's portable engine the condenser is a 
hollow cylinder, and the air-pump is placed within it, so 
that there is no necessity for a pipe of communication from 
the air-pump to the condenser ; and in this case a small 
cistern is fixed over the pump to contain the hot water, 
the discharge-valves being placed in the lid, which thus^ 
forms the bottom of the cistern or hot well. 

In the early engines, on Messrs. Boulton and Watt's 
construction^ the air-pump and condensing-cistem were 
placed at thcf outer end of the beam ; in which case the 
pump-bucket being drawn up by the descent of the pis- 
ton, the engine required less counter-weight than in the 
present form, in which the air-pump must be wholly wol'ked 
by the counter-weight. It was noceeisary also, that the^ 
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parts appropriated tp ths coodensation of steam should be 
kept as cold as possiblei on which account, the air-pump 
and condenser were placed in a cistern of cold water, 
which being continually on the overflow, carried off th^ 
excess of heat in the manner already described* 

The mode of cqndepsing by outward cold, was not haw» 
ever found suflSicient; and Mn Watt afterwards intro« 
duced a small jet of water* the dimensions of the air-f>cuD(ip 
being so far increased, as to extract the iiijection«wat^ as 
wdl as the air. 

To shew the degree of vacuum in the condenser,' and 
consequently the amount of pressure on the piston, a 
barometer-gauge has been employed. This is justly con» 
sidered as a most important instrument, though unfortu- 
nately for the profit of steam-engine proprietors but little 
attended to. This gauge is in fact a common barometa: 
tube, of thirty inches in length, with a g^duated scale, 
and connected with the condenser by a small tube furnished 
with a stop-cock. When tho aii- is ejjLpell^ frdBk the cylin- 
der this must be closed, ofhern^ise the steam entering the 
tube would blow the meateurj from the cup. On. the cock 
being turned, and the conununication open^ trith the con*^ 
denser, the exact degree of vacuum will be shewn by the 
height of the mercurial column, which, if the condensation 
be not complete, or air be admitted, will descend, and on the 
contrary, if perfect, it will ascend, as in the Torricellian tube. 

The steam-gauge employed by Mr. Watt, consists of an 
inverted syphon or bent tube of glass or iron, one 1^ of 
which is jointed to the steam-pipe, while the other is open 
to the atmosphere. A quantity of mercury being poured 
into the tube, it will occupy the lower or bent part, and 
the surface of the fluid metal in one leg being exposed to 
the pressure of the steam, while the external air acts upon 
the other, it is evident that the difference of level of the 
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ttro surfaces Will express the pressure of the steam in the 
height of the mercurial column passing up the graduate! 
tube. 

This gauge is just the reverse of the preceding; the 
barometer shewing the pressure of the atmosphere pn a 
given space of the piston^ while the steam-^gauge indicates! 
the force of elastic vapour i^ntering from the boiler. It is 
the duty of the fireman frequently to look at this gauge, 
that he may know when to increase the fire in the furnace, 
and thus a sufficient supply of steam will always be se- 
cured to the engine. 

In the early atmospheric engines, the working-beam 
was composed of a large and almost unhewn tree ; but 
Mr. Smeaton employed a framing of wood for this pur- 
pose, which was afterwards much simplified and improved 
by Mr. Homblower. 

In double-acting engines it is usual to have the beam 
cast in one piece, the extremities being turned in a lathe 
to form cylindrical pins, upon which are fitted sockets or 
pieces, having other pins projecting from them to form 
the points of the parallel motion and connecting rod. 
Thus, there is one pin on each side of the socket, the two 
links of the parallel motion being fitted to the two pro- 
jecting pins at one end, while the double joint of the con- 
necting rod is fitted on the two pins at the other end of 
the beam. The advantage of this construction is, that the 
joints at the ends of the beam become universal joints, 
having liberty of motion in all directions; and in some of 
Mr. Murray's best engines, the same contrivance is applied 
to the'crank pin and connecting rod. 

The annexed figure represents one of Boulton and 
Watt's parallel-motions, and is that now most conmKmly 
used by themselves, and other engine-makers. His has 
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two fixed centres, a andy^ and rods connected by move* 
able joints e, b^ d and e^ forming a parallelogranu 




In setting out these centres, the line in which the 
piston is to move, should fall as much short of the end 
of the beam, or point ft, when in the horizontal positioiiy 
as it will be beyond the end of the same at the two ex- 
tremes of the movement : the link, ft, connects the end of 
the beam with the top of the piston-rod ^, and about half 
way to the centre of the beam, another link ee, of die 
same length, is jointed, being always kept parallel to the 
former by a connecting rod, de^ which is equal in lei^^ 
to c ft, so that eft, d e, may form a parallelogram, in 
whatever position it may be placed by the motion of the 
beam, and the consequent motion of the links and coup* 
ling-rod on their moveable centres. 

The parallelism of the point </, is produced by means 
of the lever ef^ which is connected to the point e, of the 
parallel<^ram, and the other end moves on the fixed 
centre f; therefore the end ^, of the rod ed^ moves in an 
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arc of circle^ round the centre f; the odi^ end df, wiHbe 
found to traverse in a nearly right line. 
' The proportions of the levers of this motion admit of 
great variation: the simplest case is, when the radius ac^ 
is exactly half of a 6, then e^must be equal to ae or ci. 
Considerable latitude is allowed to the workman in the 



length of the links Acf and ce, without sensibly deranging 
the parallelism of the point d^ and piston-rod attached to 
it. With these proportions, the center f^ will fall upon 
the same line as the piston, which is often inconvenient; 
for as there are two of die parallelograms c e and A by one 
on each side of the beam, the centres of the lever ej\ cannot 
be made on one common axis. Eleven different propcM*- 
tioQs for these levers will appear by the following table of 
dimensions, in inches, taken by the author from some of 
the best steam-engines, by various makers in or near 
the metropolis. 



• 


Length of 


Beam 


Coupling 

Rod 
de c b. 


Link ee 


Bridle-Lever 




Stroke. 


a 6. 


bd. 


*/. 


N». 1 


96 


147 


69 


42 


78 


2 


72 


120 


50 


28 


96 


3 


72 


110 


56 


3U 


55 


4 


48 


60 


41 


20 


60 


5 


48 


84 


38 


19 


60 


6 


48 


84 


36 


20 


54 


7 


48 


72 


41 


18 


25 


8 


45.6 


76 


49 


28 


36 


9 


36 


60 


37 


12 


15.66 


la 


24 


37 


16 


9 


26 


11 


23 


36 


16 


12 


26 


' . 













The two great links of the parallel-mption, are each 
composed of a strap or loop of iron, bent so as to form a 
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double link, in the upper bend of which are two sockets 
for the pivots at the end of the beam, and at the lower ^id 
are two others, for the pivots which project on each side 
of the piston-rod socket. The brasses of this joint are 
held in by wedges, put through the two links at the lower 
end, which, on being driven inwards, tighten the fittings 
at pleasure. 

The proper length of the stroke for different engines . i» 
not at all settled ; Mr. Watt's first enginea were made 
much longer than this table, but of late years they have 
been made shorter, and without any adequate reascm 
which we can perceive ; for it must be an advantage to a 
machine to make as few reciprocations as is ooMutoit 
with a practicable length of cylinders. These differences 
in the length of stroke do not affect die calculalicMa of 
powers, because if the length of the stroke is altered/ 
the number per minute is also changed, and the yelo» 
city of the piston is the same ; at least it will be always 
nearly the same as for those engines that work a crank 
and fiy-wheel. But it must be observed that these 
engines move with a greater celerity than the engines for 
pumping water, because it is necessary to accumulate a 
considerable velocity in the fiy-wheel, or it must be im* 
mensely heavy if the piston was to move so slowly as the 
pumping-engine generally does. 

It is usual with engine-makers to calculate the velodty 
of the pistons of engines at 220 feet per minute ; but we 
have rarely found them to come up to this in practice^ 
and have therefore calculated them at less. In the table 
the pressure upon each square inch of the surface of the 
steam-piston is in proportion to the velocities there mark- 
ed; and if the velocities are found less than the table^as 
is the case with engines for pumpii^, then the load upqn 



M<^ mcb 6t the pisloit nfust Be ini^rettsied in pFopcnrtioiif^or 
^bs the p<l«rer of the ^et^j^ide wfll %# differenlv ^Ithei^ 
the cylinder remains the same. , . >: .- . , : ;> > 

To asc^isUii' Ae mttnberbf stitykdsnmade b)f. the engfine 
ill a : gireir >tiiiie," a simj^^ appi^iif(^ wfo oontrived- hyMn 
Wattf calle<iai>eotxater^n^Thi«^ i»wfsome ieaae9 tUtaeKed^tto 
the beibn^endi^slnike mdvidgiopetoc^^ aifd-dle^^ii 
bandi fifaews how mioiy! stfpkeethaFe heen^mad^iinta 
timef >attd by conipariilg^ this i'egifiitori with ^the-dipti^^ 
ef tbe ^pkton;' and; ithe baromet9r%iiage# theei^iiet powjiii 
of flieea^ifie^k ax^urately die#D.I ^ J rh i>»»lfr /^^'i oilj 
c Xtof ;flyrfwh^l i kus ^ftistly^becai^ eonsidfeired one el 4b^ 
iB08l>i|n^orlaiit and f^ktaUe p!aits;of^file i^teanf«*eip^^ 
wifate'comfoined'mfih the^ranky'tt li8:/^i»ployQA to,o(^BXi 
a recipinoeating' into^ « rdtatoijr j^etkin^ < Jf o£ wxWf^ 
size . it^ ' sboiild h^, oast jit ^§^: p jecetoC ^tal ;, tbis^^how^iver^ 
caitiDot often be accomplished from fits great * weigbli* I tho 
fly^wbeeLx>f a lai^e engine frequently e^iiieeeding ten ton% 
when of this.'size, the ring is usually qaist m'^x p'udfi^ 
i>f afooHta tonieaeh^attd conneeted by, wrpught-irOn^biiAMtl 
but a method has lately been ifftr^diK^'^li in]i^ge;etigin0i^ 
of substituting the dove-tail for that mode of connecting 
the parts. In this case the arms are fastened into the ring, 
and the segments of the ring fastened together by a systeia 
of dove-tails, which admit of being put together only in 
one direction, which is contrary to that in which the cen- 
trifugal force acts. It is a great object in constructing fly- 
wheels, to choose that form which offers the least possible 
resistance to the medium through which it revolves, and on 
this account the ring should be smooth and truly circular ; 
the radii being made with a thin edge to the air. It is 
also necessary that the various pieces connected with the 
fly, should be cast in the most solid manner, as the centri- 
fugal force of so large a mass frequently moving at the 

K 
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rate of more than three hundred feet per second, would, in 
die event of any part flyings off, he productire of the ibmmsI 
fatal consequences. 

Messrs. Murray and Wood form the radiating^ armff or 
CIR96S hairs of an eHiptic ^ure, the narrowest e^ge meet-^ 
h^ Ifie air;* and to these eminent engineers we are ui» 
debt!tdf<Nr the fcUowii^ rule fbr proportioning the fly* 
whed of the steam engine.. Multiply the numlier of 
horse power of the engine hy 2000, and divide it by tl^ 
square of the iirtended velocity of the eircumfoence of 
the fly-wheel in hundred-weights. Of this rule Mr« 
Buchanan furnishes an example r to find the we%lit'of a 
fly-wheel pnqper for an engine of twenty horses* power, 
supposing the fly-wheel to be 18 feet in diameter, and to 
make 22 revolutions per second: wheel 18 feet diameter 
s= 56 feet in circumference; x 22 revolutions per minute 
s= 1232 feet motion per minute -f- 60 = 20j. feet motion 
per second for the motion of the circumference of the fly-- 
wheel. Then 20i- feet per minute squared, s= 420$, and 
twenty horses' power x 2000 = 40000 -h iSXK » OOA 
cwt. of the wheel required. 
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A T\Ale 9kemngAhe Porce wkiek the Cont^eeiiMg^odofa' 
Steam Engine has to turn round the Crank at d^eremt 
parts of the Motion. 

The parts of the engine are supposed to ha^e the feU 
lowii^ proportions: length of die stroke, 1 ; length of ^ 
beam, 2; l^ig^h of the crank, ^6 ; length of the conned- 
ing-rod, 8. 



Decimal Por- 
tions of the 
descent of the 
Piston, the 
wliole descent 


Angle between the] 

Conneeting*Tod 

and Crank. 


EffectiTe length 
of the Lever upon 
which the oonnect- 
ing-rod acts, being 

1. 


Deeimal Portioor 

half a re?oln- 

tion of iStt» Fhr 

Wheel. 


being 1. 


J 






.0 


180 degrees. 


.0 


.0 


.05 


1511 


.46 

* 


.128 


.10 


141 


.62 


.158 


.15 


]31{ 


.74 


.228 


.2 


123i 


.830 


.271 


.25 


I17J 


.892 


.«Klo ' 


.3 


llOi 


.94 


.342 


.35 


104 


.976 


.377 


.4 


97} 


.986 


.41 


.45 


91J 


1. 


.441 


.5 


85} 


1. 


.473 ' 


.55 


80 


.986 


.507 


.6 


75 


.956 


.538- 


.65 


69 


.92 


.572 


.7 


62i 


.88 


.607 


.75 


57J 


.824 


.642 


.8 


49 


.746 


.68 


.85 


42 


.66 


.723 


•9. 


34 


.546 


.776 


.95 


23i 


.390 


.84 


1.0 





.0 


1. 



The third column of this table also shews the fcnroe 
which is coiQinunicated to the iSy-wheel, expressed in 
decimals, the force of the piston being 1. 

k2 



<^dtttitiiii»; Bii J k k tkitf fl^cefidio^ to tema^kV that the 
variations of force are not to be considered as an abisoliite 
loss of power, because, when the crank has but slight 
p^eri[>ri aitivingt<m«l^ tli# top orbotidm of thrstciAe, 
ihh pktOA des^^ds^ propeitionably 41oW;; ind^ k^ oome-( 
qtienc^ the slemfn had moi^ (dmeto flow into th^ ejAvEd&ti 
and press upon the piston with a greater powdf;'ihBfeH' 
fore, what the piston loses in force upon the crank, it 
ifiakes up in some degree by avi increase of its ^wec ; imu^ 
^m iAwhig ioweiv it is^imiau» less stearni ^ itheni 
ifiqitfiii^with it^ wli^te Telpcityv and acting^ wim ifliUJ^II^ 
i|pon the cranl4 Hen<$e both f the power andf'Vl^toei^fidl| 
tlie piston in th£L£ylindei.ar0 lo be . coCDsiflergit as vBirpn^ 
(bntinualty ; a^d if the fly is ^fiicieiitly heay|ry it will bc^ 
^und that th4 rotative motion is very neaHy v^gfnlai^ 
while the asceht and descent ^f the piston arej accdl^rated 
irom nothing at the top of the cylinder, to : its greatest 

Jelocity at the> middle, or near the middle, aild frism that 
oint it i^ retarded till it comes to nothing ati the bottomi: 
of the motion. . The table shews the exact inc^ments and 
qecrements. ! • i • 

; In addition; however to tqis mode of regulatbi^ thcf 
Velocity of thel steam eng^ine, d variety of plains hav^ beeit 
Suggested for equalizing the admissi(Hi^ of steaoi ; the mosi 
Simple of which is by means :of a handle connected- witlf 
the throltle-valve. This is a thin circular vane plfMced i4 
the steieim pipe; turning oa a pivot across its cbntre, whicii 
€omes through the pipe, and has a small haridle fixed on 
the end of.it, by turning which, the passage ii^ opened or 
shut. When the vane is set, so that its plane is perpen- 
dicular- to the axis of the pipe^ it nearly fills the chrctilar 
passage, and allows very little steaiii, if en^^ to pass jj^y it; 
but when the vane is turned edgeways, it presents a ^rery 
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thm : pncpose. . Tbis ,€OtM^i9i: two balli^. inispeiidai; ; hf. 
joints pjp^j^dwg ibom^a ¥iert]jB«J igiim{.whacb beitigrcaotiHl 
to revolve by-tbe, imftohine^o wbich itjia fsonsecl^dv if^ill 
increase tbe. diam^r of tbe path descdb^ > l^ tbr balls 
With' the in^rea^iiig^ «p^v<)¥ Ibe machjae:; ,orv mvOthA 
wordS) ^dr centrifii^ fpree iiiNlLti^uise tb^ to fiyeiiotf 
from tbecirbor Jn ad^roff .pvofidHtdMBtie to: thelvdQCftjt^^^tf 
the machii^; aaad tbi4 mcitioii is loilde to actuato^lbQ Iqirtq 
ooiOieetdd with . the ralToi wbidb adaiits tbe strain, fiflm 
the bmler to tfaocylitMkk'.; 



■»•'»-:. ••> o:i? 






■•■■••* » 



/.•v# 




• ' .f ■• • • 



The balls i i are supported by tbe bent leverd hj\ aiid^ 
as they are'^ nfmde to rerolve witb the iiy-»wheel axis^lby 
pieaos of' a baud passings round tbe pulley* c, any inqreme 
in the speed of the eog'iue will cause the balls to diverge. 
The moment this takes plaee^the shorter ariji of tbe levevn 
is depressed at m, and as the other extremity / is connected 
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with the Bteam^pipe by the throttle-valrey the painge of 
die steam is diminished, and the proper speed produced. 

Another method, is to have a small pump worked by 
the eng^e, and raising up water into & cistern, from which 
it runs out again in a constant stream. By this means the 
water will accumulate, and rise in the cistern, if the 
engine work rapidly, so as to pump more water into the 
cistern than will iSow out of it in the same time ; and^ on 
the contrary, the surface of the water will sink in the cis« 
tern, if the engine work slowly ; and a float being in the 
cistem, and connected with a wire to the throttle-valve^ a 
proportionate effect will be produced on the engine.* 

The only materials that have hitherto been employed in 
the construction of steam-engine boilers, are iron, copiper^ 
wood, and stone. The latter of these was introduced by 
Mr. Brindley, who, in 1756, erected a steam engine near 
Newcastle-under-Lyne with a boiler of this description. 
It was composed of brick and stone firmly cemented toge» 
ther, and the water was heated by iron flues passing in 
various directions. An admirable cement for this species 
of boiler may be formed of boiled linseed oil, litharge, and 
red and white lead mixed together to a proper consistence, 
and then applied as a species of mortar to the stones. If 
the joints be properly filled, a. cistern thus constructed 
will never leak, nor want any very considerable repair. 

Savery*s boilers were of copper, and contained about 
five or six gallons of water ; and the Marquis of Worcester 
states, in the Century of Inventions, that he employed ^ a 
piece of a whole cannon" for the purpose. 

The atmospheric-engine, constructed by Newannen, 
was provided with a boiler of considerable dimemnons^ 

* The patent re^^lator inrented by Mr. Job Rider, is described in 
Appendix A. 
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composed of wrougfat-iron plates, the upper part being' of 
an hemispherical form to resist the elasticity of the steam ; 
and it is of considerable importance that this part of the 
boiler be accurately proportioned to the power of the 
engine. If the boiler«tap be too small, it requires the 
steam to be heated to a greater degree to increase its 
elastic force sufficiently to work the engine, and then the 
condensation on entering the cylinder will be greater. If 
the top contain eight or ten times the quantity of steam 
used at each stroke, it will require no more fire to preserve 
its elasticity than is sufficient to keep the water in a pro- 
per state of boiling; this, therefore, may be considered as 
the most eligible size. 

Wooden boilers have as yet we believe been exclusively 
confined to America. They were introduced by Mr. 
Anderson and Chancellor Livingston. The merits of this 
boiler are, economy in construction, and a very material 
saving in fuel ; the latter of which advantages will be 
readily seen from the circumstance, that wood is a bad 
conductor of heat, while metal is one of the best. That 
there is a great saving in the employment of this species 
of boiler where wood is cheap is sufficiently evidmit; that 
part, however, which is above the water^ and consequeirtly 
exposed to the action of the steam, Speedily decays, and 
the elastic vapour passes through the joints. This defect, 
however, might be remedied, by coating the internal surface 
with thin metal, which might readily be connected with 
the furnace and flue, so as to make the whole boiler steam- 
tight. 

The boiler of Messrs. Boulton and Wattes engine is so 
placed as to receive the greatest possible degree of heat, 
tbe flame passing through a long flue which twice encir- 
cles the lower part. This is kept constantly supplied 
with water, to repair th^ waste of evaporation by means of 
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a pump eummunicating with the hot-well; ieuicl as it &» 
necessary that tUa slioald always be preserved at the 
same level, the feed«pipe is closed by a valve in the bot» 
tofa of the cistern^ which prevents the water running down 
into the boiler until its level subsides, and shews .that it 
requires replenishing. To know the exact Iie^ht of tbe 
water in the boiler, two cooks are mostly employed ; one 
of whicl^ i» carried bdiow the requisite water<4nark, and 
the other stands a little above the desired point* If steam 
should issine frcHn both cocks, the supply has not been 
suQicient, and more must be admitted ; but ifj on the Gon* 
trary, water proceed from the one cock aud steam fnmi 
the other, it may then be considered about the propel* 

leveU ' 

The patent boiler employed by Mr. Woolf, i^r different 
from that commonly, used in engines which work with 
steam.of a low pressure, the water being contained ia 
several cylindrical tubes of cast iron which are exposed. to 
the heat of the furnace nearly in an horizontal position-^ 
In the employment of this kind of boiler care should be 
taken that the flame and heated air be made to come eonsM 
pletely in contact with the iron thbes of which it is coniii* 
posed, and so as to give out the least possible portion of 
heat previous to reaching the chimney y 

This mode of raising steam of great elasticity^ by ex^ 
posing a large surface in a number of heated tubes, does 
not appear to have originated with Mr. ^oolf, it having 
been proposed by Mr* Blakey in a small tract which he 
published in Holland as far back as 1776. It appears, 
however, that Blakey^s tubes were to be placed over each 
other upon the same prinqiple as the gas-retorts, and the 
water passing down the heated pipes, was thus readily 
converted into steam. 

The high-pressure boiler, employed in Mr. Trevithick's 



^iigbie, is supplM with water previaosfy b^ted fai asei^aiiite 
vesseU by a dmall force-^ump worked by the eng^ie. I» 
soine of jthe improved ei^ines^ however, auotiber apd mora 
ingenioua mode has be^ adopted, the water being' dciv^^». 
ill by the action of a volumer of highly expa«k$iv« 9t^aii|. 
< Aipoog tbepKorisiQBs made for the security; of tjl^e ]b%bf 
pressure boiler^ we may enumerate the soft metal yl^g ^nd 
double safety^vialye. The former of these contrivfuices is 
calctilated to prevent the boiler being bursft by the suddeni 
introduction of water, when it has been allowed by care-* 
lesaness to boQ dry, and become red Jiot$ add by the epn- 
ploymetit of two safS^y-valves pbced in dijBerent. parts of 
the boiler, the ^chance of accident is- diminished at least 
one half, while the effect of the engine is in no sh^pe im- 
paired. ^ ... 

* 

. The greater part of the boilers employed in American 
steam-navigation are of ^vrought iron, and are usually 
mcn'e than a quarter of an inch in thickness^ of a cylin* 
drical form, and about thirty inches in diameter, with a 
east-iron end about two inches thick; and the testimony of 
experienced engineers, both in this country and America, 
has invariably .shewn, that such a species of boiler^ when 
old and thin by long wear, has gener^Iy given ' way by a 
small rent or fissure through which the; steam escapes, 
gradually taking off the internal pressure, and thus se- 
curing the passengers adjacent from the dreadful conse- 
quences which have frequently resulted from the explosion 
of cast-iron boilers similarly constructed.* 



* In Uiose boilers that are constantly employed with sea- water, a great 
accumulation of salt takes place ; it is tlierefore necessary for ships which 
perform long voyages to be provided with two boilers, each of which 
should be capable of supplying the engine with the necessary quantity of 
steam. The practice of adding about 1 per cent, of potatoes to the bulk 
of water contained in a steam-engine boiler, which has been long practised 
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Pagsing from the boiler we arrive at the ttteam-pipes, 
which should be sufficieDtly capacious, and as shcNrt as 
possible, to prevent too much exposure of surface to the 
atmosphere. They should pass from the upper part of 
the boiler to the steam cylinder, in a direction inclining* 
upwards, so thai any condensed water that forms in tb^i 
may run back to the boiler, instead of getting into the 
cylinder ; consequently every boiler should (if possible) 
be set or fixed lower than its steam-icylinder, and, in 
order the more effectually to prevent condensation, the 
steam pipes should be coated with hay-bands, or saw-dust 
and sacking, or some bad conductor of lieat, particularly 
if they are long or much exposed to the air. 

The safety-valve being an object of considerable im* 
portance, both as regards the utility of the engine, and the 
preservation of those connected with its management, much 
attention has been given to its construction ; and to this 
highly useful appendage we would particularly call the 
reader's attention. 

The first engine that was made by Captain Savery had 
a steel-yard safety-valve, to let the steam fly off when it 
arrived at a dangerous degree of elasticity. The follow- 
ing figure will furnish a sufiiciently accurate idea of dbis 
simple apparatus. A, the top of the boiler ; B, the safety- 
valve or plug, made to fit air-tight in the tube or valve- 
seat beneath; C, the lever working on an axis at D, and 



in this country, has been introduced into France, and merits the en- 
comium which is bestowed on it by M. Payen, in a letter to the editor 
of the Tour de Phar. He assigns the true cause of the beneficial 
ai^ency of the root. The potatoe dissolves in the boiling water, forming 
a somewhat viscid liquid, which envelopes every particle of the preoipi- 
tated calcareous salt, (usually selenite, sometimes carbonate of lime,) 
renders them slippery, so to speak, and prevents their mutual contact 
and cohesion. After a month's service, the boiler is emptied, and new 
potatoes added along with the change of water. 
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fHmiihed with a moveable weight, E, adjuated to balance 
the pressure of the steam. 



■Ah 



Wlten flteam of considerable elasticity is required, the 
w^l^t is placed at tbe extremity of the lerer, and as such 
acta with grei^er effect on the safety-valre than when re> 
moved to a point nearer to the axis on which it revijves. 
So that should low-pressure steam be required, it will 
only be necessary to remove it nearer the axis or centre, 
and vice versa. 

The lever and balance-ball which form this apparatus, 
Would at all times be effectual were they not liable to be 
fiistened by the corrosive nature of the materials of which 
the valve is composed, and, what is worse, their pressure 
altered by the addition of more weight. This, however, as 
too frequent experience has shewn, b continually the case, 
the engineer having more regard for the full performance 
of his machine than for his own safety or life; and ia the 
overloading of this valve, these accidents may be princi^ 
pally attributed. 

To prevent a recurrence of the mischief which first 
drew the attention of the legislature to this important part 
of the enguie, and to which we have already referred, 
under the hesd of Steam Navigation, it appears advisable 
to inclose tbe safety-valve in an iron box, and so put it be>^ 
yond the control of the engine-mau. 

The annexed fi^re represents an inaccessible safety- 
valve, oalculaled to answer all the purposes for which H 
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is intatded^nlunely, the preso^ion «r tbM» «inplc^etl m 
the neighbourhood of the boiler, and economy in dw ta6 
of steam. 



In this, SB the preceding diagram, A r^reseift^ . ;^ 
JMiiler, and B the safetj-valve, furntahed with « atofU -up* 
r^ht Btafi*^ on vhich dide the additional tfei^hl«> C/C.C* 
The whole is inclosed id a box S, pietced with lii4es,tB 
allow the steam to escape after it has rajaed tbevalv^ Sht > 

Should hi^h-pressure steam be wanted, jt in iwtfnwury 
only to increase the~ nnmber orwei^^ts, and the'd«i#ed 
effect is produced ; or if, on the contrary, steam id. the 
usoltl atmosffheric pressure be wanted, the Vholo of die 
-weights may be taken off. -. . -. : 

The safety-valve invented by the Chevalier EdelenatB, 
hm nearly, the same properties as that employed by Jtin 
Woolf. It coBsiitts of a small brass cylinder which is fixed 
on the boiler, and fitted with a piston made to descend 
Vith its own weight when raised by the pressure of the 
steam. The lower part of the cylinder being made tq 
communicate with the boiler ; the upper part is cloeed by 
a siAall cover screwed on to it, and perforated with a buls; 
through which the piston-rod passes freely, which serves 
the double purpose of keeping the piston perpendiiealar,' 
and preventing it being blown out. The sides of the cylin- 
der are pierced with a-nuniber of small holes, placed iii 
succession at a short distance above each other, so th^ the 
open space -for tlie ateem to escape, increases witti the 
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height of the valve, and is ultimately enlarged so as to 
prevent any danger of explosion. The piston-trod is also 
furnished with a num^ber of weights, fitting loosely on a 
small shoulder, similar to those employed in the common 
hydrometer^ and these may be removed or increased at 
pleasure. 

Another advantage likely to result from the adoption of 
this safety-valve is, the facility with which it may be enw 
ployed to regulate the fire of the steam-eng^e furnace to 
the intensity of the elastic vapour required. This^may 
readily be effected by a reg^ter pressing on the top of the 
safety-piston, and connected with the apertures for fhe 
admission of air, which, by increasing or decreasing the 
supply of oxygen, will produce a proportionate result on 
the steam generated in the boiler, and consequently effect 
a considerable saving in the expenditure of fuel. 

Another safety-valve, opening internally, has, we be- 
lieve, also been added by Messrs. Boulton and Watt 
This is of great utility, more particularly in lai^ engines, 
as it prevents the sides of the boiler being crushed in by 
the sudden introduction of water, or any artificial conden- 
sation that may take place from reducing the heat of the 
boiler-head. 



CHAPTER VI. 



Savery^s Engine improved by Pontifex. — Atmospheric 
Engine. — Single-acting Engine^ by Boulton and Watt., 
— Murray and Wood's Engine. — High-pressure Engtue.. 
— Locomotive Engine. — "Maudslay^s Portable Engine. 
-r-Masterman^s Rotatory Engine. — Smoke^onsuming 

Furnaces. 

* 

TK(E Engine invented by Savery, and improved by 
Pontifex, possesses considerable advantages over the 
Marquis of Worcester's apparatus, and it is probable that 
the extreme simplicity of this engine will, when better 
known, bring it into more general use. With this view 
we have selected it as the subject of our first plate, in 
preference to the original engine, the principle of which 
has been already very fully explained. The apparatus we 
are about to describe, was originally erected for the City 
Gas Works. ' 

Plate I. Fig. 1 and 2. represent front and side elevntKHis 
of the cylinders, and connecting apparatus. 

Fig. 3. A back view, with section through the cistern 
and buckets. 

Fig. 4. and 5. Vertical and horizontal sections; the 
latter commencing at the dotted line a a. Fig. 1. 

Fig. 6. and 7. Side and end view of the waggon 
boiler. 
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b b. F^. !• Tw6 sleam cylinders connected fay cross 
tubes at c c, in each of which a yacuum is alternately 
formed by the condensation of elastic vapour, conducted 
from the boiler by the bent tube </, and admitted to the 
steam-cylinders by means of the sliding-valve e» 

yj\ ¥ig. 4. Two tubes perfcnrated with small holes for 
the admission of steam and injection water, the latter of 
which is distributed by falling on the strap g. 

%• The suction-pipe proceeding to the bottom of the weH, 
which in no case ought to exceed from twenty-eight to 
thirty feet in depth ; so that a vacuum being formed in 
the cc^per vessels ft ft, the water will be raised by the 
pressure of the atmosphere, and passing up the tube i will 
take the place of the elastic vapour. 

1 1. Two valves placed at the upper end of the suction- 
pipe hf which allow of the upper passage of the water from 
the well, but prevent its return. 

j j. Two similar valves opening into the^ air-vessel 
kf to which is attached the nozzle /, serving to convey 
the water from the copper vessels to any required point. 

m. The injection tube, furnished with a valve at o, and 
intended to convey water from the box n, to the taper 
tubes^^. 

p. Stop-cock to regulate the supply of condensing 
water. 

q. Tube passing from the bottom of the cistern n, to 
the injection tube jm, and furpidied with a stop-cock 
at «• . 

The quantity of water in the cistern r is regulated by a 
floating valve f, which in Fig. 3. is represented immedi- 
ately 6ver the pipe 9, so that the valve is opened when^ 
ever the water rises beyond the required depth. 

M u. Two tubes communicating with the back part of 
the chambers n », and the inverted vessels v v, each tube 
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being Iphiislied with flfTiiIye «it ^ to admit tSe^Wfliter firbm 
th(^ chamber to the bucket^ « ar. / ^ 

4; a?. IVo bnckcfts^guspended by rods, and a chain paiRS* 
ing ov^ the wheel 2, which is fixed on the end of the 
axis 3, and supported by a bracket 4. Frmn the other 
end of the axis 3 prqjectB an arm 6, provided with a 
itodT. 

9. Is a view of the horizontal axis turning in a stuffing*^ 
box at 10, on one end of whicb is fixed a pinion 11, which 
serves to give motion to the sliding-ivalye e»' - . . ' 
' Ta put this engine in action,- the steam must be. first 
raised' to the boiling point, and tiie valve or tack 0petmis 
which admits it to pass^from the boiler to -the pipe- if* Ofif 
of the buckets must now be made to ^lescen'd, which will 
open the sIiding«valTe e, and adtinit the steam itito^ the 
cylinder /&, I. The atmospheric air, which will "thus be 
expelled from the cylinder, is allowed to pa$»lhreiigh the 
valve J and liozzle /. The other bucket must then be de- 
pressed, and by its action upon the sHding*valvcr it will 
open a- communication for the injection water through the 
f>ipe.9 q, which passing down the perforated tube ^* Will 
immediately condense liie steam, arid. form' af Vaciram hi 
the vessel. The whole pressure of the atmosphc^.beimg 
now removed (votja the suction pipe A, the water ^i^ilt rosli 
up to restore the equilibrium, and the vessel b being filled 
n^ll ■ furnish a supply at the bent-tube /• ' . ^ 

1 HaTii^ examined the aetion ef one^half of the apparatus, 
we may suppose the same efiect to be produced on the 
opposite side. The steam will, in the first instanc^,'be 
admitted by the pipe c, and a communication afterwards 
f>pened by means of the sliding-valve with the Condeqiring 
water, which by r^ucing the stemn to its original bulk 
will fbrm a -vacuum, and the water wfll again ascend as in 
the first vessel. ' 
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The KtOfMX>ck y must now be opened^ and the bucket x 
first described made to descend, which will remove die 
sliding^-vtdvee to ite original position, and admit the sleam 
to the uppei* part of the first vessel, which will depress the 
water, and csaise it to flow throngh the valve j abd nozEle/^ 
whife at die same time the water will pass through the 
^be uUf in which the. valve w is inserted beneaih the in« 
verted vessel v. The water will continue to enter the 
bttclj^et X till ks increasmg weight causes it i6 preponde- 
rate, and turn the sliding-valve e in the opposite ditection« 

Sboiild there not be a sufficient supply of water in the 
citMmrf for the purpose of , coiklensing the stedm in the 
large vessels, the stop-cock p must be (^ned, and an 
a^itional supply of water will then be fnrnidied from the 
chambers n n by the tube m, and in the event of &e backet 
MJt b^g depressed at the instant that the wat<» is ex- 
pelled from the chamber n of the vessel 6, the steam will 
pass through the tube u u, and act between the under side 
aftbe^ fixed inverted vessel v, and the surface of the water 
in the moveable bucket Xy the descent of the bucket being 
accelerated by the r^ellant force of the steeBOo, so that by 
tbe alternate action of the buckets x a*, the motion of the 
engine is rendered continuous^ 

It appears that each steam-vessel in the engine employed 
at the City Gas Works, contains about thirty-six gallons 
of wat^, which is raised about twenty-eight feet three 
times every two minutes ; one bushel of coals, or two of 
coke, serving tbe boiler about two hours and three- 
quarters. 

The Atmospheric Steom^engine^ which is next in the 
CHrder of invention, is now but little employed ; indeed, if 
we except the mining districts where it is occasionally 
seen connected with the pumps for raising water, this 
species of engine is of very rare occurrence. The great 
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merit of Newcomeu's engine ccmsisted^ as we bavd already 
seen, in separating the parts in which the steam Was t<h 
act, from those in which the water was to be raised ; steam 
being employed merely for the purpose of displacing the 
air, and then forming a vacuum by condensation. 
' In this engine, steam of moderate expansive force isr 
generated in the boiler a, Plate II. by the action of tbe fire: 
in the furnace i. 

c. The steam-^ipe, through which the elastic rapoui^ 
passes to the cylinder^. 

d^ The cylinder, furnished with a plug or piston^ made 
to fit aur*tight by means of a packing of hemp or any other 
elastic materials 

e. The piston, connected with the working-beam y* by^ 
means of a flexible chain and rod. 

. f. The working-beam, or lever, supported oa' tlie 
axis g^ 

h. The pump-rod, by the alternate elevation and ae-« 
pression of which the water is raised to any required^ 
height* 

j. Injection-pipe, connected with the cold water cistern 
at Ar, and furnished with a small branch pipe l^ to supply 
the upper side of the piston with water. 

IK. Eduction-pipe, furnished with a valve at m, to pre- 
vent the return of the water from the hot-well o. 

jp. Waste-pipe, to conduct the superfluous water from 
the top of the cylinder to' the hot-well. 
. q. Injection and steam-cocks^ alternately opened and 
shut by the plug-frame r, so that when the steam-pipe c 
is open to the cylinder, the connection with the injection 
cistern is closed, and vice versa. 

8. The feeding-pipe, to supply the boiler with water^^ 
furnished with a cock at /. 

V, The. snifting-valve, by which, at every ascent of the 
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allowance being made for the lightness of the pamp-4rods, 
which increase in weight with the progress of the mine. 
In the early stages, however, the injection most be very 
qpariflgty applied, so as to condense imperfectly within 
the cylinder, or the piston will descend with such Telocity 
as to destroy the whole apparatus. 

. The boiler ofNewcomen's engine was placed immedi* 
ately beneath the cylinder ; but this arrangement lia% in 
the later engines, been materially improved; the bofler 
being now detached from the engin^room ; and by this 
plan a considerable saving in the he^ht of the eDgine-hoiua 
is isko effected. 

We have already stated that Mr. Watt*s great inaqproFttt 
menft consisted in condensii^ the steam in a separate ▼€•■ 
ael : the internal part of die cylinder beii^ kept at tiba 
temperature of boiling water, so that the coutinuBd 
ef steam, and consequently of fuel, that occurred by. 
iaag a vacuum beneadi the piston in the atmospheric 
was in this case avoided. .'{.',- - 

The nature of this improvement will be best undciUlMJl 
by reference to the Single-acting Engine^ that fonM daa 
subject of Plate III. in which a represents die boilo'^ mt^ 
dosed in a casing of brick work. 

6. The steam-pipe, connecting the cylinder c with the 
boilen 

€. The cylinder, firmly attached to the floor of ^ihm 
engine-room by the bolts d </, and having its upper end 
enclosed by the cap e, through which the piston-rod is 
made to work air-tight. 

f g. The beam, working on its axis or fulcrum at A, 
the socket in which the axis revolves resting cm the floor 
and wall t. 

J. The pump-rod, suspended at the end g of the work** 
ing-beam. 



'. 
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p&toDy the air extricated from the condensing water is 
driven out by the pressure of the steam. 

u u» Two gauge^cocks, connected with pipes passing 
into the boiler, the one longer than the other, to ascertain 
the depth of water. Should one of these furnish steam 
and the other water, the latter may be considered at the 
required height. But if on the contrary both give steam^ 
or both water, it is too high or too low. 
- ir. Forcing-pump, worked by the main beam, for the 
supply of the injection-cisteni, with which it communi* 
cates by means of the pipe xx. 

When the atmospheric engine is set to work, the boiler 
must be filled rather more than half full of water, and the 
steam having attained a pressure of about one pound on 
each square inch of the boiler, the pump«rods will pre^ii 
ponderate, and the piston be drawn to the top of the cy^ 
linder. In a few moments the elastic vapour will be seen 
to issue from the snifting-valve v, and the communication 
with the boiler being then closed, the injection water must 
be admitted, which condenses the steam, and of course 
forms a vacuum beneath the piston. The downward pres^ 
sure of the atmosphere being now unbalanced by any re^ 
sisting medium beneath, acts upon the piston with a force 
proportioned to its area, and it is made to descend with 
considerable velocity, at the same time raising the 
pump-rods A fo connected with the opposite end of. the 
beam. > 

In adjusting the working beam, it is necessary to allow 
the end connected with the pump-rods to preponderate^ 
and this is accomplished by means of a moveable counter- 
weight. When an engine is erected on a mine, where the 
depth of the shaft is continually increasing, the quantity of 
water first lifted by the pumps being small, the engine 
must work slow, and the counter-weight be in proportion, 

l2 
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Phie iV. AAA. Fotmdiition walls and mafionry of the 
building on which the engine is erected. 
' B« The steam-cylinder, enclosed in a jacket or caraig 
of cast iron, to exclude the atmospheric air from the 
cylinder, which is thus kept at the temperature of boiling 
water. 

CC. The pipe which conducts the steam from the 
boiler to the valve-tube DD, 

EE. The eduction-pipe leading to the condenser F. 

G. The air-pump, which with the condenser F k im« 
mersed in the cold-water cistern H. 

I. The cold water pump, which supplies the cisteiu H 
by the pipe J. 

K. The hot-water pump, furnished with the pistim-rod 
P, the upper part of which is connected with the workinif* 
beam at Q, so that at each elevation of the beam a quantity 
of hot water is furnished to supply the waste by evapora» 
tiott. , 

L. The piston-rod, connected with the parallel motiOQ 
MM. 

NO. Two rods, attached to the opposite ends of the 
working-beam, and connected with the air and cold-water 
pumps I G. 

Q. The working-beam, supported by the cast-iroQ 
column R. 

S. The connecting«rod, the lower part of which is at** 
tached to the crank T, while the other is elevated or de-» 
pressed by the alternate motion of the workingrbeauu 

U. A spur-whfel, attached to the crank-shaft, and 
working in a pinion Y, by which it gives motion to the 
fly-wheel W. . 

XYZ. Three beveled wheels; the first of which is at- 
tached to the crank-shaft, and by the intermediate wheel 
and shaft gives motion to the third,, which by a concentric 
roller moves the valves. 
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'* The parts of the engine we hare (Ii0» "briefly m&ooii 
differ but little from the ordinary donble-acting ieagin^ of 
Messrs, Boutton and Watt ; and it will be necesiBaty iorre^ 
fer to the enlarged, scale on the following plate for a more 
accurate description of the working of the valves, &c« 

PAile v. Fig 1 and 2, represent sections of the i^team* 
pipes, yalvesy and communic^ing rods, . . i i 

C The steam-pipe, furnished with a tlirottle-»talve at a^ 
to r^ulate the supply of steam to the eng^« This^isiefi^ 
fected by the action of the lever A, and connecting-rod e^ 
which communicates the action of the govenior^ to/die 
Yalve a; while a rotatory motion is colninunicated to the 
axis of the governor, by means of a band pasnog firium a 
pulley on the crank-shaft to a similar pulley on the a:xis 
ofthegovemon > i 

e €. Two bent levers passii^ through a slit in the 
.middle of the spindle, and turning upon an axis atyi The 
upper part of the spindle is furnished with a sock^ k^ 
which is allowed to ascend when the centrifugal foi^i^ of 
the governor increases. Should, however, its motion d^ 
crease, the balls jj will descend, while die socket h will 
ascend, and with it the lever/. 

c. A rod connectkig the levers J and 6, which by dm* 
joint action communicate the motkm of the goverhor to the 
throttle-valve a, so that when the engine is at rdst the 
balls,/,/ will also be resting against the anus k ifc, llie up^- 
per end of the levers ee will be brought nearer ta each 
others and the rod c being raised, the throttle-valve wiU 
be turned in a horizontal direction, thus allowing a large 
portion of steam to pass through the pipe C, 

DD. A pipe connecting the tq> and bottom of ihe cy- 
linder with the throttle-valve a. 

E. The eduction-pipe, passing down, to tlie condenser* 

The valvesB ii o have each a cylindrical tube or spindle 
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pMun; through the stuffing-bosbos r and #, fa Ike ufifier 
eftd of which are screwed two odier atvffiiigwboxei t and «t 
00 that both valTes are allowed to dide up or down fntb« 
oat permitting the steam to pass. 

p q. Two other valves similar to n o, whose spindles 
pass through the stuffing-boxes t u. 

Fig. 2. is a front view of the two sliding bars whidk 
Bare intended to give motion to the valves u op 9. These 
bars are kept in a perpendicular direction by the pieces z r, 
and the guide 1. In the lower ends of the bars are two 
friction rollers 3 8, which are acted upon by the two eo* 
centric wheels 4 4, and raised and depressed alternately 
by the upward and downward stroke of the engine. 

The horizontal shaft Z derives its motioB from a similar 
shaft Y placed at right angles, communieatiDg by SMiM 
of beveled wheels with the crank-shaft. 

9, 10, 11, and 12, are four arms, fixed to the bars v Vf 
and w 19, for the purpose of moving the valves. 

18. A lever or handle revolving upon a stud screwed in 
the pipe E, which, by its action, is made to Ofea and dnvt 
the steam-valves when the engine is first set to wta'k* 

18. A mercurial or barometer gauge for measorfa^ the 
pressure of the steam above or below that of the atinoa* 
phere. One end of the barometer-gauge enters the stwoo^ 
pipe DD, while the other is open to the atmnqphen and 
furnished with a gauge. 

The communication between the barometer-^ugta wd 
steam-pipe may be closed at pleasure by die stopfcoek 18. 
In the lower or bent part of die tube is placed a quantity 
of mercury, and it will be evident that upon opening the 
cock 19, the pressure of the steam endeavouring to pass 
by the pipe DD, will be counterbalanced by the pressure 
of the atmosphere. Should, however, the elasticity of the 
Nteam exceed that of the atmosphere, the mercury will be 
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in tbe ooiter 1^ of Ae gauge* and die difference ik 
tiie altitude of the two columiis will shcnr tlie woAimg 
pewer of tlie steam. When tke altitude of Am tohumi 16 
exceeds that of 19 two inches, the pressure of the steam 
will exceed that of the atmosphere nearly one pooad p«r 
square inch. 

A nearly sinrilar iaslrumait is also employed to asceiw 
tain ^ degree of rarefaction in the condenser. It consists 
of a bent iron tube 21, tiie lower end of which opens to ibk 
condenser. The mOTCory is poured into the tube at the 
op» end 23, and the stop-cock S2 beings opened, Ae msp^ 
eunal column at 28 will be depressed, while diat on the 
t>pposi|e side will be raised in a proportionate degve^ 
Hiis efiect is fNrodueed by the vacuum formed m tibe eodU 
denser. If the condenser and air-pump are in good order, 
the mercury will descend about fourte^i or ^fteen incbei^ 
which will indicate a pressure of so many pounds upon 
tlie square inch. So that if we refer to die two gauges, it 
will be found that the total amount of power, or .actii^ 
force upon the piston, will be represented by the difference 
in the altitude of the two mercurial columns added to- 
gether. 

To put the engine in action, the fly-wheel W, Plate IV. 
must be turned till the crank T is in a horizontal direction, 
when the piston will be in the middle of the cylinder B, 
and the eccentric wheel 4 on the upper side of the shaft Z. 
The bar w tr, will also be raised, together with the valves o 
and py and the handle 18 being turned, a passage will be 
opened for the steam to blow from die pipe C, and thus 
expel the atmospheric air, which previously filled the dif- 
ferent parts of the engine. When this is effected, and the 
temperature of the engine raised, the lever 13 must be 
turned to its original situation; the bar t> v, together with 
its valves, will descend, and the steam will be sshut off 
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Aom die npper nde of die cylinder; vidle, at ihe'mtae 
time, tbe passage will be stopped between the under side 
«f the piston and the condenser. The injection-^ock must 
now be opened, wbicb will admit a small jet of cold water 
into die condenser, and a Tacnnm will be iunned above 
die piston, while the steam is entering beneath with a presr 
«nre equal to or greater than that of the atmosphere. 

The piston-rod being thus made to ascend in tbe cy^ 
jindCT, the opposite end of the beam Q will be depressed 
in a proporticMiate d^ree, and tbe rod S, as ^dl aa tb? 
■crank T, will also descend, and a rotatwy motion be pro- 
daced. The fly-wheel will also hare acquired a sufficient 
Aegree of momentum to carry the crank past the ferp&H' 
■dicular, and the pietm will hare arrived at the ti^ of the 
cylinder; tbe situation of the ralves being rerereed.by the 
Action of the excentric wheels ; and a continuous motion if 
ithus produced. 

Hie Sigk-pregsure-Engine, in its most simple form, may 
■ easily be decribed by reference to the following d 
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The cylinder A k furnished with a pistoii and rod B^ 
the latter being made to fit air-tight in a stuffing-box: at tbfi 
top of the cylinder. A four-way cock it^ls idso proyided 
for the admission of highly elastic vapour, and its subse* 
quent discharge into the atmosphere. The action of ih^ 
fourway-cock will be best understood by the section D ; in 
which c represents the waste-pipe connected with the 
chimney, while two oth^ apertures serve to convey 'the 
steam alternately to the upper and under side of dii^ 
j^ton, and a third communicates with the steam-boiler^ 
So that if we suppose the piston to be in an ascending di* 
TectioUy and the steam of course entering the cylinder be^ 
neath, a communication will at the same time be fi>rme4 
between the upper side of the piston and the atmosphere, 
while the steam that had previously been employed to de* 
press the piston is now allowed to escape. When the 
piston has reached the top of the cylinder, the cock is 
turned^ and its action reversed, the steam now entering 
above the piston, while a communication is formed for its 
^escape beneath. 

The remaining parts of the high-pressure engine, as 
constructed by Messrs. Trevithick, may very easily be 
understood. The boiler consists of a large cylinder of 
wrought or cast iron, made very strong, and placed with 
its axis horizontally upon short feet or pillars of cast iron; 
the boiler has a flanch at one of its ends to screw on the 
,end or cover, which has the requisite openii^ for the 
fire-door, the man-hole, the exit for the smoke, and the 
gauge-cocks. The fire is contained within the boiler in a 
cylindrical tube of wrought iron, which i& surrounded 
with water on all sides ; one end of this tube is attached to 
the end or cover of the boiler, and is divided into two 
parts by having the firegrate extended across it; the fire*^ 
door closes the opening in, the upper half, whicU is the 
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fire-phee, the lower lutf forming the ask-pi< \ Ae 'tiibe 
extends nearljto the end of the boiler, where it is rednced 
m size, then doables, and retains back in a direction pa* 
ndlel to the first tube or fire-place, to form the flue, tiH it 
anives at the end of the boiler, through which it pasaen at 
the side of the fire-<door, and it is then conducted fimm it 
into the chimney, dius canying ofl^the smoke. 

At the part where die flue eiit»« the chimney, is a small 
door to remove any soot that may hs-re aocumulaied*. Qa 
the top of the boiler is a safety-valve, kept down by a bvsr 
and weight, lo allow the steam to escape in case it beeomas 
so strong as to endanger the bursting of the imlen The 
cylinder of the engine stands in a perp^dicular dnrectaon^ 
and ii enclosed within the boiler, except a few iachaa of 
its upper end, at which the four-passaged oock ii aitiititay 
iand the flanch which screws on the lid, with the stufliagito 
box for the piston-rod to pass through. The boSerbaaa 
projecting neck, into which the cylinder is received^ «Md it 
is fastened in its place by a flanch round 4he upper illd uf 
the neck of the boiler, which is united by screws to aitei* 
far flanch projecting from the cylinder. The opptr end 
of the piston-rod is fastened to the middle of a ctoiii bar , 
which is placed in a direction at right aisles to the length 
of the boiler, and guided in its ascending a&d druwTliidhij^ 
motion, by sliding between two perpendi<mlar ircNi #l>dfl, 
fixed to the boiler, parallel to each oAer, being comectod 
together at top, and firmly supported Acre by two dii^[f>^ 
nal stays extending from the other end of the boiler, aad 
secured to the flanch, which screws on the end of the 
boiler. At the ends of the cross bar of the piston-rod, tbe 
two connecting rods are jointed, and the lower ends 6f 
them are connected with two cranks, fixed upon ta axis, 
extending across beneath the boiler, and under the centre 
of the c^ylinder ; the axis is supported in bearings made in 
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the legs which support the boiler, and the fly-wheel is 
fixed in it. One of the cranks is formed by a pin, which is 
fixed into the arm of the fly-wheel at the same radius as 
the opposite crank. The fly-wheel is situate close to the 
side of the boiler, and the pin for the other crank is fixed 
into the arm of a large cog-wheel, fixed on the axis of the 
fly-wheel at the opposite side of the boiler. This wheel 
communicates the power of the engine to other toothed- 
wheels. As the piston is alternately forced up and down 
by the pressure of the stealb, it carries the cross-bar with 
it, and by the connecting-rod turns the two cranks, to- 
gether with the fly-wheel, and other connecting ma* 
chinery. 

Having described the nature of Mr. Woolfs engine, it 
may now be advisable to examine the boiler, by which hi 
proposed to generate steam of sufficient elasticity for the 
use of the small cylinder, which requires vapour of great 
expansive force. 

The boiler represented by the following disigram, consists 
of a series of tubes of cast iron, connected by screw-bolts 
With the under side of a larger vessel, or magazine of the 
same materiaL This is furnished with four, and in some 
cases with five apertures ; the first of which. A, is intended 
for the admission of water, to supply the waste which 
continually arises frcmi evaporation, which is efiected by 
means of a small forcing-pump, as it will be evident that 
the column must be carried to a considerable height, be- 
{ore its weight can so far overcome the resistance of the 
steun within the tube, to allow of its entering by the Of • 
dinary method. 
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Mr. Woolf usually employs two safety-valves which ate 
placed at B, while C represents the mati-bole, and D tfae 
pipe by whicli the steam is conveyed to the engine?.* A, id 
the water-pipe. 

Ill Mr, Woolf s specification, a method is pointed out 
fur applying this plan to the boilers of steam engines 
already in use, by placing a series of cylinders beneath the 
present boilers, and connecting them with each other, and 
with the boiler above. The tubes may be made of any 
kind of metal, but cast iron is the most convenient; their 
size may also be varied, but in every case care shoald be 
taken not to make the diameter too laige ; for it must be 
remembered, that the larger the diameter of any sing'Ie 
tube is in such a boiler, the stronger it must be made in 

• Thne, u nell as the fltnehes, uid other ateun-tight fasUsiingi of « 
permanent QBtu re, are usually connected b; Bcrew-bolt^ and nnttj aibeet 
of woollen or linen cloth coated with cement being Grat iotrodaced to 
unite tlie interrenin^ surfaces. The cement best adapted for this pur- 
pose, from iti dutabilitf and power of withstanding the action of Bteam, 
maj be thus prepared ; — Take two ounces of sal ammonisc, one ounce at 
floor of sulphur, .ind sixteen ounces of cast-iron filing ■ these, after being 
well mixed in a mortar, must be placed in a diy situation, and when 
wanted for use one part of the abore mixture must be blended with 
twenty parts of clean filinRS, saturated with a little water. On beiDR ap- 
plied to the joint it will shortly become ns hard as the metallic surface on 
which it is placed. 
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pfoportioni to enable it to bear the fidme exptasit^ ffXte 
of steam as the smaller cylinders. It is not essentiaU fafow-^) 
ever, to the invention, that the tubes should be of difie1rent» 
sizes; but the upper cylinders, and more espescially tfa^' 
one which is called the steam-cylinder, should be larger 
than the lower ones, it being the reservojr,.as it.ifei^» into 
which the lower ones empty themselves. > 

. The following general directions are given re^p^tiiig' 
the quantity of water to be kept in a boiler of this conw 
struction; viz. it ought always to fill, not only die whble 
of the lower tubes, but also the great ^team-cylinder, A, 
to about half its diameter, that is, as high as the fire i^ al- 
lowed to reach. And in no case should it be allowed td 
get 80 low aa not to k^p the vertical neck% or branches 
which join the smaller cylinders to the great cylinder, full 
of water, for th^ fii^ i» only beneficially ^uployed wben 
applied, through the medium of the interposed metal, td 
iFater, to convert it into steam; and iiideed, the purpose 
of the boiler would in some measure be defeated, if any of 
the parts of the tubes thus exposed to the direct acticui of 
the fit^, should pres^it a surface of steam instead qf water^ 
to receive the tranisfmitted heat ; tbis^ however, miust, more 
or less, be the case whenever the lower tubes^ and even a 
part of the upp^,' are i|ot kept filled with the water. 

RiBspecting the furnace for this kind of boiler, it should 
fdwayi^ be' so built as to give a long and waving course to 
the flame and heated air, so that they may, intfie .most 
effectual manner, strike againi^t the sides of the tubes 
which compose the boiler, aokl sogive out the greatest 
possible portion of their heat before they reach the chinU 
ney: unless this be attended 'to, there will be a milch 
greater waste of fuel than necessary, and the heat cmi- 
jnunicated to the contents Of the boiler will be less from a 
given quantity of fuel. I 
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Mr. MaaAday, in hkr Portable BngiM^ ditpenseg with 
the beam nsudly employed for eomectiiig the fly-whed 
crank with the piston-rod ; and, in this respect, as well as 
in the workings of the valves, his engine materially differs 
fltnn those we have already described* 

P/«/e V. F^. 1. Front elevation of a ten-horse-power 
engine. 

Fig. 2. Longfitudinal section of ditto, on the centre line. 

Fig. 3. End view of ditto. 

A. Cast-iron frame of the engine. 

B» The cylinder. 

C. Ihe piston, furnished with a rod D, and a cross 
head and socket E. 

F. Gnide wheels, which keep the piston aA rod m a 
vertical position. 

O. Frame for ditto, tn which the wheels F F are madsF 
to work.^ 

H. Side rods, which serve to connect the croa9 head B 
with the donble crank 1 1. 

II. Two cranks, made to tarn in the plummer-block, or 
bearing, J J, at each side of the frame, and to which did 
fly-wheel shaft K is connected by a eoopling-box or 
clutch, at the end next the engine. 

K. Fly-wheel shaft, working in a plnmmer«block pit 
the walL 

L. Coupling-box, connecting the engine fly-wheel shaft. 

M. The fly-wheel. 

NN. Two excentric wheels, supported by Ae crank-* 
diaft K, the action of which give motion to the two beams 
O and T, by means of the connecting-rods PP. 

O. The beam which works the cold-water pump S. 

PP. Two connecting-rods. 

Q. The double bearing, on which the cold-water p«ip« 
beam works. 
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R. A rod whifeh serves to donnect the bucket of the 
cold-^ater pump ^i^hthe beam OL 

• S^. Irbe barrel >of the coldivwaler piimp» . 

•' T. Beam' which wbrks the air and fa^t-wat^ pumps, 
imd to which motion i« commimicated by the cotlnectitig- 
t^8 P9 as before described* 

U. The sKngs whidi c(«me<^ tlie air-^punip r0d.l(f the 
«nd of the beam T. 

^ y# The double bearing*, dr oeHtite^ on which the aitf 
pump beam T works* 

• W. Hie air-pump buckeT. 
X* Air-pump cylinder* 

' Y* I^ot-water pilmp, worked by a small rod, attached 
to the air-pump beam. 

Z. Peed-pipe, to supply the boiler with hot water. 

a. Cross-rail on which a ^uide is fixed to coijfine the 
air-pump rod in a vertical position. 

b. The condenser. 

c. The feold water citterns, connected by a pipe rf. 

\. e. Eduction pipe, or passage for the steam from the 
cylinder to the condenser. 

yi Injectibn^cock, to admit the cold water into the con- 
denser. 

• g. Poot-valve, at the bottom of the air-pump, and com- 
municating from thence to the condenser. 

h* Hand-gear, for stopping or starting the engine. 

f. A rod connecting the hand-gear with an exc^itric 
piece k fixed on the crank-shaft; the action of which comi» 
municates a vibratory motion to the rod t. 

/. Connecting-rod, and double-ended lever m, fixed at 
the extreme end of a spindle, while a beveled wheel is at- 
tached to the other ; the latter of which works the spindle 
of the steam-cone ».. 

o. The steam-cone, or cock, for admitting the steam 

M 
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from the boiler to the cylinder ; beyond wbi6h is a con* 
trivance for shutting off the stean^ at the half, or any 
other part of the stroke, by which a very considerable sav- 
ing' in the steam, and consequently in the fuel, is effected. 
It will very readily be seen, that the cone employed in 
this engine, for regulating the passage of the steam firom 
the boiler to the cylinder, differs very materially from the 
valves in Messrs. Murray and Wood's engine^ and a 
slight examination of the sectional view in Plate Y^ will 
shew that the greater degree of friction that must of ne- 
cessity attend the former contrivance, is more than com- 
pensated by its superior tightness and simplicity* 

A. represents an end view of the cylinder and steam- 
cone. 

B. Side view of ditto. 

C. Plan of ditto, taken at the horizontal line D. 

E. Steam-pipe. 

F. Pipe, communicating with the condenser. 

G. Steam-cone, ground into its seat, and connected with 
the grease-cup H, by the means of which a regular supply 
of oil is furnished. 

I. Plan of the steam-cone and pass£^es, by which a 
conmmnication is alternately opened between the steam* 
pipe and the upper end of the cylinder, and the condenser 
and the lower end of the cylinder, and vice versa. 

When we consider the reciprocating steam-engine in its 
present most improved state, both with respect to the ad- 
mirable expedients for adapting it to the end proposed, 
and the skill displayed in the workmanship, we may almost 
venture to conclude that it has reached its utmost degree 
of perfection ; and yet it must be acknowledged, that it 
absorbs nearly half the power of the steam employed in 
friction, and in alternating its movements* This fact will 
be apparent by calculating what pressure on the piston of 
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tion of one of liibse engines (without a condenser} hstv^^ 
ing been proved, from' actual experiknent, not to exiceed 
half a pound per square inch on tbe valv^ ; the expense 
v>f construction being very censiderably less than that of 
reciprocating engines, particularly in the larger powers^ 
and the extraordinary simplicity of its parts secaring' it 
from almost any expense for repairs. For steam navigation 
it appears admirably adapted, and when used witb mer- 
cury instead of water, combines, in an eminent degree, 
economy of space and fiiel, . 

Plate VIII. Fig. I. is a vertical and central section of 
the revolving part of the engine, called the truke, which is 
composed of a centre a, called the nucleus, of six hollow 
arms &, 1 to 6, called radii, and of a hollow ring c c, <!a11ed 
the annul us. 

Fig. 3. represents the nucleus ; one end m is a perfect 
circular plane, called the face ; six holes of similar figure 
and dimensions are sunk in the face at equal distances 
from each other, following a direction parallel with the 
axis e, until halfway through the nucleus, then, assuming^ 
a direction at right angles with the axis, they open in the 
periphery of the nucleus. 

The axis passes through the centre of the nnclens at 
right angles to the plane of the face. The annulus consists 
of six equal parts, in each of which is fixed a steam-tig^ht 
valve, exactly similar, and opening in the same direction 
by a hinge placed in the side of the annulus nearest the 
axis. 

The rods which form the hinges of the valves, project 
through stufHng-boxes in the side of the annulus ; and. on 
each of these projections is placed a lever, at such an 
an^'h^ witli the vidvo as to point to the axis when the valve 
is lialf open ; and at the extremity of each lever is a 
weight d, more than sufficient to counterpoise the weight 
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remain on, that side of the annulus. Thus a uniform rota- 
tory motion is produced and maintained as long as the 
i^am continues to flow into the annulus, and acting with 
a force proportionate to the difference of level in the wat^» 

In Fig. 1. the troke is represented as revolving, and the 
steam flowing into the annulus, through the radius b 1; y 
represents the steam in the annulus between the closed 
valve and the depressed surface of the water ; g the water 
raised on the opposite side of the annulus, while the re- 
maining or darkest part of the annulus is where the valv» 
and the upper surface of the water are relieved from pros* 
sure, the steam having discharged itself through b 6. 

The steam may be admitted through a radius more or 
less horizontal, according as the column of water is higher 
or lower, by means of an inner mask, which changes its 
position ; the closing spot of the valves may also be regu- 
lated accordingly, by means of catches acting on their 
levers. The troke is of cast iron, and, to prevent conden* 
sation, it is enclosed in a steam-tight case. 

From this brief examination of Messrs.. Masteiman^s 
engine, it will, we think, be apparent, that the troke alone 
performs the united function of cylinder, piston, beam^ 
crank,.and fly-wheel ; thus ensuring a decided superiority 
over the reciprocating engine. 

The advantages resulting from the use of steam engines 
have, in some cases, been considered as fully equipoised 
by the smoke and noxious effluvia which proceed from 
their capacious 'vomitories; and this, in large manu- 
facturing towns, is indeed an evil of some importance, 
to obviate which a variety of contrivances have been sug<- 
gested. 

The first attempt at coiiswmng smoke, appears to hav^ 
been made by M. Dalesme, a French engineer, who ex- 
hibited a contrivance of this description at the Fair of St. 
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Germaine in 1685 ^ In 17$5 Mr. tTatt obtained a patent' 
for the construction of an economical famace, which Bot- 
only consumed the smoke, but employed it as 4ui oaafbl^ 
auxiliary in increasing the heat. To understand this it 
will be necessary to obserre, that the dense smoke which 
is usually discharged at the top of the chimney, is, in t^cif 
so much good fuel, which requires but a sufficient supply 
of oxygen to render it fit for combustion. 

Mr. Watt accomplished this in his early engines by 
stopping up every avenue to the chimney, except such as 
might be left in the interstices of the ignited fuel, and the 
smoke from the fresh coal was consumed by passings 
through the burning fuel or coke. 

A variety of improvements have since been introduced^ 
an account of which will be found in Appendix (B,) and 
we shall content ourselves, in the present instance, with 
briefly noticing those that appear best calculated to answer 
their intended purpose. 

Mr. Roberton's plan is nearly similar to diat emplay^M 
by Mr. Watt. The opening through which the fuel is in- 
troduced into the furnace is shaped like a hopper, ima 
the mouth or entrance of which it inclines downward tq 
the place where the Are rests on the bottom, grate. The 
fresh coals contained in the hopper answer the purpot»tff 
a fire-door, and the principal point to be attended to in the 
management of this furnace is, that the hopper shall be so 
filled with small coal as to prevent as much as possible 
the passage of atmospheric air by the hopper. Beneath 
the lower part of the hopper the furnace is provided with 
front bars, which serve to admit air among the fuel which 
is undergoing the process of coking in the lower part of 
the hopper, and at the same time offers a ready mode of 

• Vide Transactions of the Royal Society, toL xtl p. 78. 
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the centre of t|ie l)iimitig i¥»s^ where it is completely^ 
consumed, while an additimial supply <^ fresh boM falbr 
dmvn the hopper to supply its place. By this arrange- 
ment, an<j[.thQ judicious admissioQ of a thin stratqi^iiof 
fre^ lor, .by a>ahre placed near the mouth of the hopper, 
the quantity of smoke is considerably reduced, the whole 
of the fuel being brought into a state of ignition before it 
has arrived at the middle of the burning mass, and k suf- 
ficient supply of oxygen is fufiiisbed by the air-vatve fop 
the purpose of combustion. 

Sir William Congreve's invention consists in: the appli- 
cation of chalk, or smy other calcareous substan^^e con- 
vertible into lime by means of heat, as auxiliaries tp the 
ordinary articles of fuel. This is effected by converting 
tl^ furnace into a i^ecies of lime-kiln, m which the laiasi 
of heated coal is employee} not only to heat the boiler, but 
calcine a hu^ quantity of th^ above substance ; thus con- 
centrating and keeping in action a most powerful heat in 
aid of the ordinary operation of the fuel. 

The fldlowing is die substance of a series of expend 
ments and calculations, made in the Royat Laboratory ait 
Wo6lwich» whidl serve to shew the gredi advantages at- 
tendant on the adoption of this method. 
• Thirty gallons of water were evaporated in seven hours 
by half a bushel of coatl, weighing forty-two pounds, cal- 
cining at the same time one bushel and a half .of lime. 
Thirty-four gallons of water were afterwards evaporated 
in the same time, without burning the lime, and required 
oiie bushel and a half, or 1^ pounds of cc^I. Theise ex- 
periments wore afterwardis repeated,- and the same results 
obtained. - 

It appesurs theriefere, from these trials^ that half a1>iishel 
of coaly with lime, generates vefy nearly the same quantit^^ 
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of steam as one bushel and a half without the lime. This 
however may be better illustrated by the foUowii^ atate-^ 
ment of the comparative expense. 

First experiment— Ufilf a bushel of coal 7 

One bushel and a half of chalk . 2 

9 



Second experiment — One bushel and a half of coal • I 9 

In the first experiment the lime produced by this species 
of burning may fairly be averaged at nine pence, so that, 
compared with the present mode, the saving on evaporate 
ing thirty gallons of water by means of the cludk, where a 
ready mode of disposing of the lime can be devised, i» 
nearly Is. 9d» or the total expense of the fuel. 

Mr. Parkes employs an air-valve, somewhat similar to 
that of Mr. Roberton, though placed in a different part of 
the furnace ; and either of these plans, if properly managed 
by the fireman, would fully answer the end for which 
they were intended ; but unfortunately this requires a de- 
gree of mechanical skill and attention seldom found in this 
class of persons; and though the nuisance may be abated 
for a short time, or while the engine is under the immediate 
superintendance of the engineer, no very permanent benefit 
has yet been found to accrue. To remedy this,^ Mr* 
Brunton proposes to employ a mechanical apparatus ccnn- 
pletely beyond the control of the attendant, whose atten* 
tion may in this case be almost entirely dispensed with. 
In Mr. Brunton's furnace the grate bars are made to 
revolve in an horizontal direction beneath the boiler, by 
which means the heat is uniformly distributed over the 
whole of its lower surface, and a r^^lar supply of coal is 
furnished from a hopper above. 

To effect this the axis upon which the grate turns is 
connected with the steam engine itself; and for a boiler of 
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five feel diameter, it is made to perform about one revolu« 
tion per minute. Every time it arrives at a certain point, 
the channel from the coal hopper is opened ; and in order 
to prevent the air from passing down through the coal, 
the patentee in his specification describes a rim, upon which 
the regulator is intended to lay, descending into a trough 
for the purpose of forming a water or sand valve. There 
is also a regulator to the feeder, connected with the damper, 
so that if die boiler become too hot, or the pressure of the 
steam increase, the quantity of coal supplied should be 
diminished in a proportionate degree. The nature of this 
very ingenious apparatus will however be more fully un* 
derstood by a reference to the' improved furnace, &c» 
erected at Messrs. Smith and Liptrap's distillery. White- 
chapel. 

Plate VIII. A A. Waggon boilers, to which the supple- 
mentary boilers B B are attached ; the smaller or supple- 
mentary boilers being placed immediately over the fire, 
while the larger boilers derive an additional supply of heat 
from the passage of the chimney C. 

D. Chimney doors. 

EEE. Hoppers by which the coal boxes FFF are 
supplied with fuel. 

FFF. Coal boxes furnished with sliding plates, through 
the openings of which the coals are allowed to fall on the 
ignited fuel. 

GGGG. Steam-pipes joining the waggon and supple- 
mentary boilers, 

H. Furnace door attached to the supplementary boiler 
by a cement joint. 

II. Doors opening into the air-flues, to assist in the 
combustion of the smoke, and to withdraw the dust that 
may fall over the edge of the fire-grate. 

K. Axis or spindle upon which the grate is made to 
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PBToIve; the motion being communicated direct fhHU 

mm I 

engine by the pinion and wheels L. 

M. Foundation plate, in which are formed the piroC 
holes for the axis K and the upright shaft N. 
O. Feed-pipes of the waggon boilers. 
P. Steam-pipe leading to tie engine. 
Q. Pipe communicating with the safety-valve V. 
' R. Horizontal shaft communicating with the vertical 
axis N, and also with the engine by which the ^hole appa^ 
ratus is turned. , 

SS. Chains attached to the damper chains, by whicb 
the lever T is moved, and the wedge U made to rise, or 
fall with the damper plate ; so that when the steam is iit 
excess, it may diminish the supply of coals in proportion 
to that excess, and vice versa. 
V. Safety-valve, 

W. Self-acting stop-valve, to prevent the steam pasaiiig^ 
ft'om one boiler to the other when two boilers are used. 

X. A rod connected with the lever Y, which' by pfeisA 
ing upon the stop-valve, closes the communication b^weeA 
the two boilers, when a reduced supply o( isteam ig re- 
quired. . . ■" 

Z. Gauge pipes to ascertain the amount of water in tke 
boiler. 

a: Man-hole of waggon boiler, furnished with an inters 
nal safety-valve 6. ■> . . ■ 

c. Stone float within the b6iler. * 

rf. Bridge walls. ' . - ■ • : 

y. Sand trough, in which revolves a thin plate aftadhied 
to the fire grate, to prevent the air passing in any other 
way than through the bars. ,. .' 

A. The fire bricks surrounding the grate banu ' . > 
i A scraper attached to the grate, and, which reiroliriiig 
with it, cleans the air^flue. ■'' J- ' 
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• . From the cabbre description it will be evident, thai the 
great advantage arising from the empkxyineat of this appa<< 
ratus, consists in an equable supply" of coid, and in the 
smoke arising from its combustion having to pass over the 
entire mass of burning fuel prior to entering the chimney. 
By these nieans, the greater part if not the whole of the 
smoke is consunied ; and it will be evident that the inflam- 
mable materials of which it is composed, will furnish an 
additional supply of valuable fuel, which would otherwise 
be thrown unconsumed into the atmosphere. As, however, 
direct experiment is the only sure test, by which this, or 
indeed any project, can fairly be tried, we annex the re- 
sults arising from two experiments ; the one made at the 
distillery of Messrs. Liptrap and Smith, Whitechapel, Lon- 
don, to whose kindness we are indebted for the means of 
completing the above description, and the other at the Old 
Union Mill, Birmingham. 

At the Old Union Mill, Nine Days experiment. 

Common Ftaiace consumed - 465 cwt. 

Fire Regulator ... - 290 ; - 

Tlie Whitechapel Distillery; Eighteen Days experiment. 
Common Furnace consumed - 284 busdieis. 
Fire Regulator -. - - - 194. 

In the year 1813, the late Mr. Sheffield took out a pa- 
tent for air-conductors to his improved reverberatory fur- 
naces, which^ though it was not one of the objects of the 
inventor, had the effect of consuming the smoke, by coi\- 
verting it into flame. The air-conduct^s of Mr. Sheffield 
were afterwards directly applied to the consumption of 
smoke by Mr. Wakefield of Manchester; and more re- 
cently, Mr. Johnson, brewer at Salford, has taken out a 
patent for a cpntrivance for the same purpose, which is the 
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counterpart of Mr. Sheffield's air-conductor. Mr. JoIid. 
son's contrivance is represented in the accompanying' dis- 
gnm, where e is the asbJiole and fire-place ; a, the tube 
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or leading part of the air-conductor; c the passage by 
which coals are inb-oduced to the mass of bummg fnel* 
The blocks of fire-brick or iron, at ^ A and^ are employed 
to secure a circuitous path for the inflammable niateriala 
that would otherwise pass directly into the chimney. The 
register / is furnished with a handle k to regulate the sup- 
ply of air necessary for the complete ctHnbustion of the 
smoke. 



A brief hktorical view of the application of the ■tem^ 
engine to the propelling of carriages, will be foand at 
p. 42, and we now propose to fnmish our readers with • 
graphic illustratiwi of the apparatus by which tim a 
tant desideratum in the useful arts is efl^ected. 



GENERAL DESCRIPTION. 




We may in the first instance shew tbe form of a locomo> 
tive carriage, furnished with a hi^b-pressure engine, accn. 
rately copied from tbe Lecture Room model, employed in 
the Anderson's Institute. The general arrangement of the 
apparatus will be understood by reference to the above 
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(liaj^rain, but the internal niecbanisin will require a Bection 
of the ^igioe to shew those parts in detail. 
In the annexed diagram, a is the cylinder; b, the main 




eteam pipe ; c, a fricticm wheel in the centre of the perpen- 
dicular frame, which makes the pkton move parallel. To 
the ends of the beam are attached two connecting rods, 
which work a double crank at the axis, where thejootion 
is communicated by two wheels to the axle, g, to which 
the propelling^ wheels are attached ; J'ia a lever by whic^h 
the valves are worked by the stud on the axi«, and t; the 
two connecting rods which are attached to the end of the 
lever, work the valve piston, k^dis the common tube 
slide valve, which is surrounded by steam, supplied from 
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starain from part of the chain, when more than one ei^ne 
was travelliDg hj it. 

The chain was prevented slipping, when the ^roored 
wheel was turned round, by frictioiwrollerH pressing it into 
the groove. Mr. Chapman had one of his engfinea tried 
upon the Hettcm RaiWoad, near Newcastle, but it was soon 
abandoned, owing to the great friction which arose frwn 
the use of the chain, which would operate considerably 
against it, and also increase its liability to get out of 
order.* * 




A portable htgk-pretture engine is a desideratum of 
very considerable unportance m the erection of large 
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buildings, preparing sewers, and other works in which 
water or ballast is to be raised. On this account we now 
furnish a view of a small apparatus well calculated for 
this purpose; and so simple is the arrangement of its 
parts, that but little of detail will be necessary for a ccmi- 
plete illustration of the entire mechanism. The boiler eon^ 
sists of a lai^ cylinder of cast iron, made very strongs and 
placed with its axis resting horizontally upon short feet car 
pillars of cast iron : the boiler has a flanch at one of its 
ends, to screw on the end or cover, which has the requisite 
openings for the fire door, the man hole, the exit for 
smoke, and the gauge-cocks. The fire is contained within 
the boiler, in a cylindrical tube of wrought iron, A, which 
is surrounded with water on all sides. 

At the part where the flue enters the chinmey is a small 
door, to remove any soot that may have accumulated. On 
the top of the boiler, is a safety-valve, kept down by a 
lever and weight, to allow the steam to escape in case it 
becomes so strong as to endanger the bursting of the 
boiler. The steam cylinder, c, stands in a perpendicular 
direction, and is inclosed within the boiler, except a few 
inches of its upper end, at which the four-passaged cock 
is situated, and the flanch which screws on the lid with 
the stufling-box for the piston-rod to pass through. The 
boiler has a projecting neck, into which the cylinder is 
refceived, and it is fastened in its place by a flanch round 
the upper end of the neck of the boiler, which is united by 
screws to a flanch projecting from the cylinder at about 
one^third from its top flanch. The upper end of the piston- 
rod is fastened to the middle of a cross-bar, which is 
placed in a direction at right angles, to the length of the 
boiler, and guided in its ascending and descending verti- 
cal motion, by sliding upon two perpendicular iron rods, 
fixed to the boiler, parallel tu each other, being connected 
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together at top, and firmly supported there by two dia^ 
gonal stays, extending from the btfaer end of the boiler^ 
and secured to the flanch, which screws on the end of the 
boiler. The fiy-wheel is situated close to the side of the 
boiler, and its axis gives motion to the neces0ary machinery* 

The progress of steam navigation has been so rapid, and 
its importance to a great commercial country like Great 
Britain must be so obvious, that it has been deemed ad- 
visable in our present enlarged notice on the steam engine, 
to furnish a view of the internal arrangement of the appa- 
ratus usually employed for propelling vessels. 

A sectional view and plan is represented in Plate IX. 
the double boiler for generating steam being shewn at a ; 
and &, the chimney by which the smoke is carried from the 
furnace beneath. The steam-pipe e, is partly shewn in the 
section, but its course will be better understood by a refer- 
ence to the plan, in which it is seen to unite the boiler, 
and cylinders, d rf, by the intervention of the valve-box ^/I 
The air-pump, e, is worked by the main beam ; and the ex- 
centric piece for giving motion to the valves is shewn at 
g. The paddles h %, are usually attached to the main 
crank by a coupling-box, or toothed wheels, which ena- 
bles the engineer to throw off either of the propelling wheels 
at pleasure. It will not be necessary for us to again enter 
into any detailed description of the steam engine which 
operates as a prime mover in these vessels, as the construc- 
tion of the apparatus has been already examined more mi- 
nutely than the size of our present plate will permit, and 
the only additional fact connected with the history of this 
part of our subject, is the attempt that has lately been made 
to open a communication with India by means of a steam 
vessel. This indeed, forms a new and important era in 
steam navigation, and although, owing to some unfavour- 
able circumstances attendant on the supply of fuel, the 
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first voyage was not performed in so short a period of 
time as was expected by those who were the most san- 
guine supporters of the undertaking, yet enough was 
effected to convince any unprejudiced mind of the practi- 
cability of the undertaking. 
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Papin. In this case a quantity of oil was placed in tide re^ 
ceiver, which, rising to the stnrface, f6rmed a species of 
piston or float betweeh the surface of the water a^d the 
hot steam ; thds preventing the continued condensation^ of 
elastic vapour, which must necessarily occur in engines 
upon the original construction* 

To effect this desirable object two receirers w^e to be 
used, one in the same situation as Savery's, which was to 
receive the air; and the hot steam, when admitted into* it, 
forced the air to descend by a pipe to the second receiver^ 
which was at the bottom of the well from whence the water 
was expelled, and prdportionably raised in the forde pipe. 

J. Watt, Birmingham, Jan. 5,' 17^. 

To the great and comprehensive genius of the late Mr. 
Watt, and the spirit of rivalry which was excited, in the 
mechanical world ^i the publication of this patent, 
which, though the earliest, is certainly the most important 
of his inventions, may be ascribed the completion of those 
improvements that have subsequently been effected in the 
steam engine. This patent, the term of which was pro- 
longed for twenty-one yedrs from the expiration of the 
original grant, contains the following principles, which, for 
their importance; we insert in the author's owti wordis: 

*^ First, That the vessel in which the powers of steam ar^ 
to be employed to work the engine, which is called the 
cylinder in common fire engines, and which I call the 
steam vessel, must, during the whole time (he engine is at 
^ork, be kept as hot as the steam that enters it: firsi; by 
inclosing it in a case of wood, or any other material thai 
transmits hesat slowly ; secondly, by surroundii^ it witb 
steam or other heated bodies ; and, thirdly, by suffering 
neither water nor any other substance colder than steam, 
to enter or touch it during that time. 
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*' Secondly, In engines that are to be worked wholly or 
partly by condensation of steam, the steam is to be con- 
densed in vessels distinct from the steam vessels, althousrh 
occasionally conmiunicating with thenu These vessels I 
call condensers ; and while the engines are working, these 
condensers ought to be kept as cold as the air in the neigh- 
bourhood of the engines, by the application of water or 
other cold bodies. 

" Thirdly, Whatever air, or other elastic vaponr, is not 
condensed by the cold of the condenser, and may impede 
the working of the engine, is to be drawn out of the steam 
vessels by means of pumps connected with the en^ie. 

^^ Fourthly, I intend in many cases to employ the expan- 
sive force of steam to press on the pistons, or whatever may 
be used instead of them, in the same manner as the pres- 
sure of the atmosphere is now employed in common fire 
engines. In cases where cold water cannot be had in 
plenty, the engines may be wrought by fon^ of steam 
only, by discharging the steam into open air after it has 
done its office.* 

^^ Fifthly, Where motions round an axis are required, I 
make the steam vessels in the form of hollow rings, or cir- 
cular channels, with proper inlets and outlets for the steam, 
mounted on horizontal axles, like the wheels of water-mflls. 
Within them are placed a number of valves, which suffer 
bodies to go round the channels in one direction only. In 
these steam vessels are placed weights so fitted to them as 
entirely to fill up a part or portion of their channels, yet 
rendered incapable of moving fireely in them by the means 
hereinafter mentioned or specified. When the steam is ad- 
mitted into these engines, between the weights and the 

* This should not be understood to extend to any engine where the 
water to be raised enters the steam vessel itself, or any vessels having an 
open communication with it. 
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ralvesy it acts equally on both, so as to raise tbe weights to 
one side of the wheel, and by the re-action of the valyes, 
successively to give a circular motion to the wheel, the 
valves opening in the direction in which the weights are 
pressed, but not in tbe contrary one, as the steam vessel 
which moves round it is supplied with steam firom the 
boiler, and that which has performed its office may either 
be discharged by means of condensers, or into the open air. 

** Sixthly, I intend, in some cases, to apply a d^^ree of 
cold, not capable of reducing the steam to water, but of 
contracting it considerably, so that the engines shall be 
worked by the alternate expansion and contractidn of the 
steam* 

^ Lastly, Instead of usii^ water to render the piston or 
other parts of the engines air and steam tight, I employ 
oils, wax, resinous bodies, &t of animals, quicksilver, and 
other metals, in their fluid state." 

J. Stewart, 1769. . 

This engine produced a rotative motion by a chain going • 
round a pulley, and also round two barrels furnished with 
ratchet-wheels, with a weight suspended to the free end of 
the chain, which thus served to continue the motion of the 
apparatus during the return of the piston. 

M. Washborough, Bristol, 1778. 

This invention, like the preceding, was intended to com- 
municate a rotatcny motion, without the intervention of a 
crank. It had a toothed sector on the end of the working 
beam, acting in a trundle, which, by means of two pinions, 
with ratchet-wheels, produced a rotative motion in the 
same direction by both the ascending and descending 
stroke of the piston ; and by shifting the ratchets, the 
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motion could be ^versed at pleasure. In this engme Mr. 
Washborough employed a fly-wheel» which may not un- 
aptly be consideried as a magazine of power in this, as in 
every other species of machinery. 

3. Steed, Laacashire, 1781. 

This specification was to secure to the patentee the ap«^ 
plication of a crank for producing continuous moticm 
nearly similar to that now in use. 

J. HoRNBLOWER, Penryn, Comwall, July, 31, 1781. 

The expansive principle of Mr. Watt is in this engine 
employed by means of two cylinders, by the use of which 
the force of the apparatus is vaxxe nearly equalized. As, 
however, this invention has been the basis of several im-' 
provements of the first magnitude in the introduction of 
double cylinder engines, we subjoin the specification in 
Mr. Homblower's own words : 

'^ First, I use two vessels in which the steam is to act, 
and which in other steam engines are called cylinders. : Se- 
condly, I employ the steam after it has acted in the first 
vessel to operate a second time in the other, by permitting 
it to expand itself, which I do by connecting the vessels^ 
together, and forming proper channels and apertures, 
whereby the steam shall occasionally go in and out of the 
said vessels. Thirdly, I condense the steam, by causing it 
to pas^ in contact with metallic substances, while water is 
applied to the opposite side. Fourthly, to discharge the 
engine of the water employed to' condense the steam, I sus- 
pend a cohnnn of water in a tube or vessel constructed fop 
that purpose, on the principles of the btt'ometer, the uj^p^ 
end having open communication with the steam vessds, 
and the lower end being immersed in a vessel of water. 
Fifthly, to discharge the air which enters the steam vessels 
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with the condensiug water or otherwise, I introduce it 
into a separate vessel, whence it is protruded by the 
admission of steam. Sixthly, that the condeased vapour 
shall not remain in the steam vessel in which the steam is 
condensed, I collect it into another vestsel, which has c^n 
(ionununication with the steam vessels, and the water in 
the mine, reservoir, or river. Lastly, in cases where the 
atmosphere is to be employed to act on the piston, I use 
a piston so constructed as to admit steam round its 
periphery,, and in contact with the sides of the steam 
vessel, thereby to prevent the external air from passing 
in between the piston and the sides of the steam vessel." 

J. Watt, Birmingham, March 12, 1782. 

This invention, which is for an improvement on Mr. 
Watt's prior patent, consists principally in an advantageous 
mode of stopping the admission of steam at a given point^ 
so that a* part of the working stroke is effected by the 
expansion of that portion of the elastic vapour which has 
already entered t&e cylinder. Several very ingenious 
contrivances are also described by Mr. Watt for equalizing 
the motion of the piston. The first of these is by a chain 
acting upon a spiral or fusee ; secondly, by levers acting 
unequally upon each other: and, thirdly, by a large 
weight attached to the working-beam at a considerable 
heisrht above the centre of motion. In the last of these 
methods, when the piston begins its descent, the weight 
will oppose itself to the motion of the piston, until the 
descent of the latter have inclined the beam so much, that 
the centre of gravity of the weight is perpendicularly 
over the centre of motion of the beam : the weight will 
then have no effect on the engine ; but after it has passed 
^his position, it must evidently tend to aid the effort of the 
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piston to draw up the load of water in the pumps, and 
render its motion equable. ' 

J. Watt, Birmingham, 1784 

Rotative engine — Three parallel motions — ^Portable 
steam engine, and machinery for moving wheel carriages 
— Mode of working hammers and stampers — Improved 
hand-gear — ^Mode of opening valves. 

J. Watt, Birmingham, June 14, 1785. 

The object of the present invention is to^ facilitate the 
combustion of smoke by a more equable supply of oxygen* 
and consists in causing the smoke, which is usually knit- 
ted on a supply of fresh fuel, to pass, together with a 
current of air, through the ignited mass that has already 
ceased to smoke, by which means it will be effectually 
consumed, and converted into heat or flame. This inVen* 
tion is put in practice, first, by stopping up every avenue 
or passage to the chimney, except such as are left in the 
interstices of that part of the fuel which is ignited ; ae* 
condly, by placing the fresh coal above, or nearer to the 
external air, than that which is burning, and already coil* 
verted into coke or charcoal ; and, thirdly, by constructing^ 
the fire-place in such manner, that the fresh atmospheric 
air which animates the fire, and the smoke which proceeds 
from the fresh fuel, must take a downward direction, so as 
to pass through the whole mass of burning fuel to the 
most remote part of the fire-place ; and by this means the 
whole of its hydrogen, azote, and carbonaceous matter is 
usefully employed. 

T. Burgess, June 9, 1789. 

In Mr. Burgess's apparatus, which was intended to 
produce a rotatory action, a heavy fly-wheel was set in 
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motion by the alternate elevation and depression of the 
working-beam. This was effected by an elastic cord 
passing round a collar on its axis, one end of which was 
connected with the working-beam, while the other sup^^ 
ported a weight. The moveable collar being iiimished 
with a click acting in a ratchet-wheel firmly screwed to 
the fly-arbor. From this it will be seen that the elevation 
of the piston would give a proportionate impulse to the 
fly, which could not be impeded by its subsequent de- 
pression, the moveable ratchet-wheel allowing the fly to 
continue its rotative motion. 

Messrs. Bramah and Dickinson, Jan. 15, 1790. 
For an engine on a rotative principle. 

J. Sadler, Oxford, June 10, 1791. 

The above patent, which Mr. Sadler states in his speci- 
fication to have for its object, the reducing of the con- 
sumption of coals, and consequently the expense of 
generating steam, appears but little calculated to answer 
this or any other useful purpose. Mr. Sadler produced a 
rotatory motion by a hollow cylinder connected with a 
boiler, which was driven round by the emission of steam 
from two moveable arms turning upon the same axis. 

Francis Thompson, 1793. 

A double-acting^ engine, for turning machinery by a 
crank. This was effected by employing two cylinders, 
one inverted over the other ; both pistons being connected 
by one rod, which passed through the upper end of the 
inverted cylinder, where it was connected with the beam, 
and thus made a double stroke. 

R. Street, Christchurch, Surry, May 2, 1794. 
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J. Strong, Bingham, Nots. May 31, 1796. 

This patent was obtained fur improrements in the pis- 
ton cylinders and valves, none of which were ever gene- 
rally adopted. 

Valentine Close, Hanley, 1796. 
Saving fnel. 

J. Pepper, Newcastle, 1796. 
Saving fuel. 

F. Lloyd, Woolstanton, 1796. 
Furnaces. 

W, Bat LET, Manchester, June 28, 1796. 

E. Cartwright, Middlesex, Nov. 11. 1797. 

In this engine the condensation is performed by the 
application of cold to the external surface of the vessel 
containing the steam. This is effected by adn^itting the 
elastic vapour between two metal cylinders, lying one 
within the other, and having co]d water flowing through 
the inner one, and surrounding the outer <nie. By these 
means a very thin body of steam is exposed to the greater 
possible surface of cold metal. By means of a valve in 
the piston, th^e is a constant conmiimication at aU times 
between the condenser and the cylinder, either above or 
below the piston, so that whether it ascend or descend, 
the condensation is always taking place. This mode of 
condensation also affords an opportunity of substituting 
alcohol in the place of Water, for working the engine, 
which could not be effected where the injection water 
mixes with the elastic vapour ; and by the employment of 
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ardent spirit, Mr. Cartwrigbt calculates that a saving of 
half the fuel usually employed might be expected. 

J. Grove, Chesham, 1797. 
Boiler and furnace. 

T. RowNTREE, Blackfriars, May 1, 1798. 

J. H0RNBLOWER9 Penryn, Cornwall, June 8, 1798. 

The rotative engine described in this specification, 
though very ingenious in its construction, is much too 
complicated to be generally adopted. 

J. Dickson, Dockhead, July 14, 1798. 

This engine, like the preceding, has never been em- 
ployed on a large scale, which may be principally attri- 
buted to the air-pump and quicksilver, which form an 
essential part of its construction. 

F. Rapozo, Lisbon, Aug. 29, 1798. 

G. F. QuEiROz, Waltham Green, Middlesex, Sept. 1798. 

Mr. Queiroz's improvements consist in diminishing the 
friction, in communicating a circular motion, and in a 
considerable alteration in the form of the boiler, by ^divid- 
ing it into several compartments, by which a greater sur- 
face is exposed to the fire than by the ordinary method, 
and consequently more steam produced by a given quan- 
tity of fuel. 

W. Rayley, Newbald, York, 1798. 

^^ A Philosophical furnace and boiler, with an actuating 
wheel as an appendage/' 



G. Blundel, London, 1798. 
Machine for saving fiiel. 

J. Burns, Glasgow, 1796. 
Saving fnel — Furnace. 

Rev. T. Cooke, London, 1798* 

^* Carbo fhigalist, or an effectual mode of applying fire to 
caldronic implements." 

J. Wilkinson, Rotherhithe, July, 1799. 

The advantage derivable from Mr. Wilkinson's inven- 
tion, consists in a closer application of heat to the bottom 
of the steam boiler ; this he effects by constructing it of 
considerable length, and without any flues round the 
exterior surface. The heat from the flues, passing uni- 
formly along the bottom, rises up at one end, and return- 
ing by flues passing through the water to the other, opens 
into the chimney which carries off the smoke. 

M. Murray, Leeds, July 16, 1799. 

With a view to save fuel, Mr. Murray provides the top 
of the boiler with a small cylinder and piston, connected 
with a rack, by means of which the steam within the 
boiler raises up or depresses a damper in the chimney. 
He is thus enabled by the increase or decrease of the 
steam to keep up a due proportion between the elasticity 
of the vapour thus generated and the draught of the fire* 
Mr. Murray's second improvement consists in placing the 
ordinary steam cylinder and piston in a horizontal, instead 
of a vertical direction,^ and by this means a much longer 

* The principal objection to horizontal cylinders arises from the unequal 
wear of the piston packing, though this has been in some measure ob- 
viated by the use of friction wheels. 
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stroke may be obtained than in the usual way. He also 
causes the pistons, by their reciprooating motion, to pro- 
duce a circular motion of equal power, and enables the 
engineer to fix the wheels necessary for producing motion 
alternately in perpendicular or horizontal directions* 

W. MuRDOGK, Redruth, Cornwall, Aug. 29, 1798. 

Mr. Murdock describes his improvements under four 
heads, viz. First, a more equable mode of boring the 
metallic cylinders and pumps by means of an endless 
screw worked by a toothed wheel. Secondly, by simpli- 
fying the construction of the steam vessel and steam case 
in engines formed on Mr. Watt's principle, which he 
effects, by casting the steam case of one entire piece, to 
which the cover and bottom of the working cylinder are 
attached. He likewise casts the cylinder and steam case 
in one piece of considerable thickness, and bores a cylin- 
dric interstice between the steam case and steam vessel, 
leaving the two cylinders attached at one end, and he 
closes the other by a ring of metal. 

Thirdly, he simplifies the construction of the steam* 
valves or regulators, in Mr. Watt's double engine, by 
connecting together the upper and lower valves, so as to 
work with one rod or spindle. The steam or tube which 
connects them being hollow, serves as an eduction pipe to 
the upper end of the cylinder, and a saving of two valves 
is effected. 

Fourthly, by the assistance of two toothed wheels work- 
ing in an air-tight vessel, a rotative engine of considerable 
power is produced, though from the great difficulty at- 
tached to the making it air-tight, and the waste of steam 
in condensation, the plan does not appear of much prac- 
tical utility. 

o2 



196 

J. Bishop, Covent Garden, Sept. 23, 1799» 

This apparatus, which may be considered as a modifi-* 
cation of Amonton's fire-wheel, consists of three parts : 
First, a wheel similar to an overshot water-wheel ; Be- 
condly, a lai^ close vessel or case, made of copper or 
iron, in which the wheel is fixed, and which is to work in 
a vertical direction ; and thirdly, an air or steam pipe and 
valve, which passes out at the top of the close vessel^ 
through a small reservoir of cold water, for the purpose of 
condensation, if necessary. 

Motion is given to the wheel, and to any connecting' 
machinery, by the pow^r of ascending steam, in the fol- 
lowing manner: the close copper vessel in which the 
vertical wheel is fixed, is filled with water above the axle 
of the wheel. The application oT fire at the bottom of the 
vessel will raise the steam ; and the steam in its ascent, by 
entering into and acting upon the bucket of the wheel, 
will give it a rotatory motion, producing a power of aboiit 
nine pounds for every gallon of water employed. A coti- 
triviEtnce is also added for the production of a vacuum by 
the means of an air or steam pipe, by which a consider- 
able reduction in the expenditure of fuel is efifected. 

R. Delap, Banville, 1799. 
Economical boiler. 

Marquis de Chabannes, 1799. 
Improving fuel. 

A. G. EcKHARDT, London, 1799. 
Saving fuel. 

P. Crowther, Newcastle-upon-Tyne, Feb. 38, 1800. 
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J. and J. RoBBRtsoN, Brnningham, Aug. 13, 1800. 

' Messrs. Robertson's invention consists in preventing,^ in 
a great' measure, the escape of steam which usually takest 
place even in engines of the best construction by the wear 
of the materials of which the piston is composed, and by 
^an apparatus exclusively the invention of the patentees, 
the small portion of elastic fluid that finds a passage 
during the action of the cylinder is employed on another 
piston, thus augmenting the power of the engine. These 
desiderata are stated to be eflected by the use of two 
steam cylinders, one smaller than the other, with pistons 
fitted to each, and whose united action is described in the 
above specification. 

The patentees have also effected a considerable saving 
of the fuel usually employed, by an improvement which 
evidently possesses very considerable advantages. 

The coal is admitted into the furnace by a hopper or 
mouth piece, so that it may fall into the fire place above 
the bars, as the fuel is expended. From the upper side 
of the hopper a stream of fresh air rushes downwards on 
the fire, and by the adoption of this plan a large portion 
of the smoke is converted into flame. 

P. Devey, London, 1800. 
Improved fuel. 

E. Cart WRIGHT, St. Mary«le-bone, Feb. 5, 1 801. 

The engine here described was never, we believe, fairly 
tried, at least, judging from the simplicity of its parts^ 
capability of control, and great portability, it is not too 
much to suppose, had its merits been better known, it 
would (with some modifications) have come into more 
general use. 
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W. Hase, Saxthorpe, Norfolk, May 14, 1801. 

After leaving the cylinder in order to be condens^^ 
the steam is in this apparatus conducted through a vessel 
containing a number of metal pipes filled with water 
from the condenser. This being surrounded by the steam, 
imbibes a portion of its caloric, whUe it facilitates the 
process of condensation. The water thus heated is imme- 
diately conveyed to the boiler, which is preserved at €be 
boiling point by a small addition of caloric. 

M. Murray, Leeds, August 4, 1801. 

This patent comprises six principal •objects: Fnrst, by 
an improved air-pump, the gaseous matter is discharged 
fitHn the cylinder without any effort in opening of valves, 
or pressing through a body of water; and it also causes 
the water and air to be discharged separately and by dif- 
ferent ways : this is effected by taking out the air alone by 
a bucket, and the water alone by another, or by an eduction 
pipe twenty-eight feet long. The second principle is an 
improved method of packing the cylinder's lid, stuffing- 
boxes, &C. by bringing the moveable parts of each in im- 
mediate contact ; this is effected by placing the necessary 
packing on the upper side of the cylinder, which lid pre- 
vents the piston rod receiving friction from any oblique 
pressure, by the lid being screwed down more upon one 
side than the other. 

The two next improvements relate to the construction and 
circular motion of the valves, the uppermost two being in- 
verted 5 and the valve-rods are made to pass through the 
reservoirs of oil, or other fluid matter, which effectually 
prevents the air from insinuating itself into the engine. 

The next principle is a new method of connecting the 
piston-rod to the parallel motion ; and the last relates to 
the construction of fire places, by which the smoke arising* 
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from the fire is consumed, and made part of the fuel ; on 
this latter head, however, Messrs. Brunton, Parkes, and 
Losh, have made considerable improvements, so much so, 
indeed, as to supersede the application of this clause in 
Mr. Murray's patent.* 

J. Bramah, Pimlico, Nov. 28, 1801. 

In this engine Mr. Bramah employed a four-passaged 
cock for the emission of steam from the boiler, which in 
this case is made to enter into a hollow at the large end of 
the cone of the cock, and to pass away to the condenser by 
a passage at the smaller end of the cone of the cock. By 
this means the metallic fitting is always rendered perfect, 
the plug being pressed into its seat by the force of the 
steam, acting upon a surface equal to the small end of the 
cock, from which the pressure is relieved. Mr. Bramah, 
also, makes his four-way cock turn continually in the 
same direction, by which means the same efiects are pro- 
duced as by turning it backwards and forwards, but the 
wear is.rendered more equable. 

W. Symington, Kinnaird, Stirlingshire, Oct. 14, 1801. 

For a rotatory and other motions, without the interpo- 
sition of a lever or beam. 

R. Wilcox, Bristol, 1801. - 
* Engine and furnace, 

J. Anderson, Mounie, 1801. 
Saving fuel. 

* This patent was, we believe, set aside by a writ of «ctre/acta# insti- 
tuted by his Majesty's Attorney General, at the instance of Messrs. 
Boulton asd Watt, who had preyiously practised some things contained 
in Mr. Murray's specification. 
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Earl of Stahhope, London, 1801* 
Savmgfiiel. 

G. Medhurst, London, 1801. 
Circular into rectilinear motion. 

G. Stratton, London, 1801, 
Saving foel. 

J. Glazebrook, Colebrooke Dale, 1801. 
"Working machines by means of air." 

R. Young, Bath, 1801. 
Saving fuel. 

J. Sharper, Bath, Jan. 28, 1802. 

R. Trevithick and A. Vivian, Camborne, Cornwall, 

March, 24, 1802. 

The high-pressure engines of Messrs. Trevithick and Vi- 
vian, were expressly intended for the propelling of car- 
riages upon rail-roads. When employed for this purpose 
the boiler was composed of cast iron of a cylindrical form. 
This was mounted horizontally upoti four wheels, the cy- 
linder of the engine being placed vertically in the end* 
Two connecting rods, descending from the cross bar of the 
piston, were then made to communicate motion to the 
wheels by means of a crank ; no fly-wheel being necessary, 
the momentum of the carriage carrying the cranks past 
the lines of the centre. 

M. Murray, Leeds, Yorkshire, June 28, 1802. 
This patent, which was for a portable engine, combining 
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some of the most usefbl of Messrs. Boultou and Watt's 
inventions, was at their instance repealed in the following 
year, 

T. Saint, Bristol, Dec. 21, 1802. 

The principle of this invention may be thus described : 
at the bottom of the boiler an opening is made nearly as 
large as the flue; on this opening is fixed a tube, through 
which a conununication takes place between that part of 
the fire-place in which the flame rises or circulates, and 
the interior space of the boiler in which steam is produced 
for the supply of the engine. This aperture may remain 
open, but Mr. Saint reconunends the application of a safety- 
valve so placed that no part of the heated air contained 
within the boiler shall be permitted to escape through the 
opening, but that the flame from the furnace may be ad- 
mitted as often as a reduction in the elasticity of the com- 
pound steam will admit. 

M. BiLLiNGSLEY, Dec. 22, 1802. 

The usual mode of perforating and finishing cylinders^ 
through the agency of an horizontal apparatus impelling 
the borer in a vertical direction, is upon many accounts 
inconvenient, the sand and borings occupying one side of 
the cylinder, and wearing away the edges of the cutter* 
By the application of Mr. Billingsley's apparatus, this pro- 
cess is reversed by causing the borer to revolve in an ho- 
rizontal direction, and thus allowing the sand &c. to fall 
freely to the lower opening in the cylinder. In this method, 
the finishing part of the cutter is employed upon a clean 
face of metal, and not being encumbered with the cuttings, 
the borer goes completely through, without any attention 
being necessary. 
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T. Parkinson, London, 1802. 
Conveying fluids. 

B* HiGGiNSy London, 1802. 
Saving fuel. 

T. Martin, Brentwood, 18Q2. 

, ** Applying fire, by means of certain machinery, to 
heating water/' 

Joseph Lewis, Brinscombe, 18Q2. 

Furnace. 

R. Wilcox, Bristol, 1802. 
Furnace — ^Boiler — ^Air-pump. 

J. Leach, Merton Abbey, April 7, 1803. 

A. WooLP, Wood Street, Spafields, July 29, 1803. 

An account of the above patent for an improved mode 
of converting water or other fluids into steam, will be 
found prefixed to the description of Mr. WoolPs engine. 

i 

B. DoNKiN, Dartford, August 3, 1803. 

A rotatory motion is here produced by the application 
of steam below the surface of a vessel of water, containing* 
a bucket-wheel, the elastic fluid acting upon each bucket . 
in succession. These, when filled with and rendered buoy- 
ant by the steam, will ascend with considerable force^ 
carrying with them any other moveable apparatus to which 
they may be attached. 

W. Freemantle, Hoxton, Nov. 17, 1803. 
The first improvement described by Mr, Freemantle in 
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thid specification, consists in making the steam cylinder or 
cylinders in such a manner that the diameter of the bore 
shall be about equal to the length of the stroke, by which 
means the friction will be considerably reduced. 

Another part of Mr. Freemantle's invention is an uni- 
yersal circular yalve, which, when the engine is at work, 
▼ibrates <m its axis forty-five degrees each way, and by its 
alternate oscillations admits the stesun uniformly above and 
below the piston. When the steam is admitted into the 
top of the cylinder, the bottom conununicates with the 
condenser; and vice versa. 

When the steam is only applied to the bottom of the 
piston, as in the atmospheric engine, two steam cylinders 
are to be employed instead of one, and by this means the 
force of the engine is so nearly equalized as to act with a 
much smaller fly than is usually employed. In the latter 
case, however, the pistons of the cylinders are made to act 
on the two arms of a crank, placed at right angles to each 
other ; and the valve is not to vibrate but revolve on its 
axis, making one turn to each stroke of the engine." 

The parallel motion employed in Mr. Freemantle's en- 
gine is next described : this he effects by the application 
of a compound lever. 

Another improvement is in the cold-water pump ; this 
consists in placing an air-vessel so as to communicate with 
the ascending column of water immediately below the 
lower valve of the pump. Now it is evident, that before 
water csui be raised into the barrel, a partial vacuum will 
be formed in the air-vessel, the amount of which will de- 
pend on the height of the vessel above the surface of the 
water in the well. In pumps of the. ordinary construction 
it sometimes happens, that the velocity of the piston 
exceeds that of the water: hence a violent concussion is 
produced highly detrimental to the pump and connecting 
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apparatus; this is prevented by the adoption of Mr. Free^ 
mantle's improvement; fw, instead of a vacuum being; 
formed below the piston, air will be extracted from the 
air-vessel ; and, as the piston descends, the pressure of the 
air on the surface of the water in the well not being 
counterbalanced, will continue to rise in the vessel till the 
equilibrium is restored; and when the pistcm asoeuds 
again, the barrel wiU not only be supplied by the pipe, 
but also by the air-vessel. 

£. Stephen, Dublin, 1803. 
Saving fuel. 

J. Edwards, London, 1803. 
Saving fuel. 

R. WiLLCOX, Bristol, April 30, 1804 

The improvement for which this patent is taken oat, 
consists in lessening the consumption of fuel by the appli« 
cation of vapour in a high state of elasticity; and im 
addition to the chimney flue of a furnace, by which the 
descent of the smoke and heated matter to a lower level 
than that of the fire-place, is regulated and adjusted at 
pleasure. 

As the caloric which escapes by the chimney in yarious 
manufactories is very considerable, and, according to Mr. 
Willcox, more than sufficient to work an ordinary steam 
engine by condensation, he finds it most advisable to load 
the safety valve, and construct the engine of the requisite 
strength to bear an elastic action of from fifteen to one 
hundred and fifty pounds on the inch ; and in this manner 
the machine is worked by its elasticity only. By this ap- 
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plication of the steam, the patentee states that the pow^ 
of a four-inch cylinder may be made to equal that of one 
twelve times its diameter. 

Among the advantages derivable from the use of this 
engine, it is said that the constant heat of the cylinder and 
the pipe that leads to it, which can never come in contact 
with the cold water, and the increasing heat of the water 
in the cylinder, which soon acquires a high teihperature, 
and. then continues its place, by its diminished specific 
gravity, must tend in the highest degree to prevent a waste- 
ful condensation of steam. 

A. WooLF, Wood Street, Spafields, June, 7, 1804. 

This engine is in many respects similar to Mr. Horn« 
blower'id, with the addition of employing steam of a high 
pressure, and in proportioning the capacities of the two 
cylinders to the increased expansibility of the elastic fluid, 
according to his table. Mr. Woolf, in his specification, 
states that he has ascertained by actual experiment that 
steatn acting with the expansive force of four pounds upon 
the square inch, against the safety valve, exposed also to 
the weight of the atmosphere, is capable of expanding 
itself to four times the volume it then occupies, and would 
still be equal to the pressure of the atmosphere ; so, in 
like manner, quantities of steam of six, seven, eight, &c. 
pounds the square inch, can «xpand themselves to six, 
seven, or eight times their volume, and still be equal to the 
atmosphere, or capable of producing a suflicient action 
against the piston of a steam engine, to produce the 
upward action in Newc<Hnen's atmospheric engine. 

An engine constructed on Mr. WoolPs plan, must have 
two steam vessels of different dimensicms, according to the 
temperature, or expansive force, io be communicated to 
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^e steam. Each steam Tessel should be famished with a 
piston, fitting air-dght, and the smaller cylinders should 
have a communication both at top and bottom with the 
boiler which supplies the steam, capable of being opened 
and shut during the working of the engine. The top of 
the small cylinder having a conununicatioQ with the boU 
torn of the larger cylinder, and the bottom of the, smaller 
with the top of the larger, with proper means f o open and 
shut these alternately by means of cocks and valves. A 
communication should also be fonned by the same means 
between the larger cylinder and a condensing vessel, into 
which a jet of water is admitted to render the condensatioi^ 
more complete. 

When the eng^e is at work, steam of high temperature 
is admitted from the boiler, to act by its elastic force on 
one side of the smaller piston, while the steam which had 
last moved it has a communicatiiHi with the larger steam 
vessel, now moving towards that end of its cylinder which 
is open to the condensing vessel. 

If both pistons end their stroke at onetime, and both 
are placed at the top of their respective cylinders, ready to 
descend, then* the steam entering above the smaller piston 
will carry it downwards ; while the steam below it, instead 
of being allowed to escape into the atmosphere, will pass 
into the larger cylinder above its piston, which wOl take 
its downward stroke at the same time with the piston of 
the smaller cylinder. Both pistcms having thus reached 
the bottom of their respective cylinders, the steam is to be 
shut off from the top and admitted to the bottom of the 
smaller cylinder, and the communication opened between 
the top of the smaller and the bottom of the larger cylin* 
der; the steam which, in the downward stroke of the 
engine, filled the larger cylinder, being now open to the 
condenser, and the conununication between the bottom of 
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the larger cylinder and the condenser shut off, and «6 
alternately admitting the steam to the different sides of the 
smaller piston, while the steam last admitted into the 
smaller cylinder passes alternately to the different sides of 
the larger piston, the top and bottom of which are made to 
communicate alternately with the condenser. 

J. RiDiBR, Belfast, March 36, 1805. 

The improvements described in this specification consist, 
first, in lining" the steam cylinder with a soft metal, similar 
to pewter, of a sufficient thickness to admit of finishing its 
inner surface by draw-boring, &c» ; secondly, in applying 
a hollow piston->rod, answering the purpose of an eduction- 
pipe ; and thirdly, in the order of opening and shutting the 
valves. The last and most important part, however, of 
Mr. Rider's invention requires a more particular descrip- 
tion. Upon an horizontal arbor, which may be denomi- 
nated the main arbor, are placed three wheels, a drum or 
barrel, and a pinion : one of these wheels, that is to say the 
main wheel, is fitted by means of a socket upon the main 
arbor, so as to revolve upon its axis, and has teeth both 
upon the exterior and interior periphery of its rim. Within 
the circle of the interior teeth of this wheel a pinion is fixed 
to the arbor, its diameter being one-third of the interior 
diameter of the main wheel. The moveable barrel turns 
freely upon the main arbor, and it carries a cord, with a 
weight hanging at its end similar to a clock-weight. Be- 
sides this the ends of the barrel are pierced with two 
orifices, each at about half the exterior radius of the main 
wheel from the arbor ; these apertures serving as pivot- 
holes, wherein an arbor turns, carrying a wheel, of which 
the diameter and number of teeth are equal to those of the 
pinion : the latter wheel may be called the bairel pinion ; 
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its teeth work in the teeth of the pinioDy and also in the 
interior teeth of the main wheel. By these means the 
barrel may be turned round upon the main arbor, while 
the arbor itself is turned by the pinion. The exterior 
teeth of the main wheel turn the pinicm of a sciq^emeiit 
wheel and pallets. Near on^ end of the main arbor there 
is a ratchet wheel and click ; and near the other end a 
wheel, which is acted upon by an endless screw upon an 
horizontal shaft, worked by the usual motion of the eng^e. 
This arrangement serves to regulate the rate of the 
engfine's motion ; for the turning of the worm wheel, last 
described, causes the weight to be raised which hai^ to 
the cord winding upon the barrel; and this weight is 
connected to one end of a lever, the other end of which is 
attached to the steam valve, so that its elevation depends 
upon the height to which the weight is raised. The 
aperture of this valve is formed like an inverted oone ; 
and while this valve shuts and opens twice at every stroke, 
the lever does not prevent such opening and shutting,' bnt 
merely limits the extent of the opening by the action of a 
rod connected with it ; so that when the weight is highest, 
the valve is least opened, and vice versa. Little power is 
lost by these means, and the speed of the engine can be 
accurately regulated by adjusting the length of the pen* 
dulum to the arrangement of teeth in the wheels and 
pinions. 

J. Barnet^ Saffron Waldon, 1804. 
Saving fuel. 

J. HoRNBLOWER, Pcuryn, March 26, 1806. 

This steam wheel, which differs considembly from Mr. 
Homblower's prior patent for a rotatory motion, consists 
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of three principal parts: The ext«i»iial <^ircular casd, 
which is shaped like a gfebe, friom whieb about forty 
degrees are cut off at each pole; secondly^ a partitioa 
which divides the cam into two pArts transversely iotbe 
plane of its axis ; and thirdly, the iBoveablef or cirGUlatii^ 
parts which are aaalc^us* to the piston in the common 
steam engine. To form an idea of these last, we must 
conceire an hollow nave attached to aii horizontal axlei 
which nare is pierced with ttro pair of circ4i|ar holes on 
its cylindrical surfiice, each pair correqK>ndkig at opposite 
sides to each other ; through these holes pass radii, move- 
able roudd their own axk for one half a circuit, to which 
are attached flat quadrants, placed so that the planes of 
those at opposite sides of the nave should be at right angles 
to each other. By this arrangement, when one of them is 
placed so that its plane shall be at right angles to the axis of 
the nare, die plane of the other will coincide with that of the 
axis« In the partition which forms the second principsd 
part of the engine, are two cavities at opposite sides of the 
centre, one of which corresponds exactly to the shape of 
the greatest surfa<;e of the quadrant; the other is much 
smaller, and only admits the quadrant edgeways; these^ 
cavities are continued in a sort of case of the same shqpe» 
for one-fourth of the circle on each side, by whJk^h maims 
there are always two of the quadrants, or the greatest 
part of them, working in each cavity at the same time. 
The quadrants are made hollow so as to admit of their 
being stuffed at their edges, as is also the recess in which 
they circulate. 

From this it will be seen that die external circular case 
is divided by the partition and the quadrantahr pistons 
into two separate chambers, each steanfr tight; into one of 
these chambers a pipe is conveyed from the boiler, and 
from the other chanber another pipe eommuniestes with 

p 
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the condenser ; now as the quadrant which occupies 
the g^reater cavity of the partition oppoees a much 
greater surface to the pressure of the steam than that 
which lies edgeways in the smalW cavity, it will .be 
forced forward towards the cold chamber, in which^ when 
it is arrived, it meets a sloping block so shaped, that in 
passing it, it is turned round one quarter, (n* so as to be at 
right angles to its former position, and thus enters the 
smaller cavities edgeways, while by the same movement 
the opposite quadrant is turned flat across the entrance of 
the larger cavity of the partition, and on cutting it is 
impelled in its turn by the steam, as before described. 
The axis, or arbor, on which the nave is fixed, which 
sustains the quadrants, passes through the outer case in an 
horizontal direction, and to its extremities are to be fixed 
those wheels which are to give motion to the machinery 
required to be worked by the steam-wheel. The outer 
case is fixed in a vertical position, and has a flat plate 
cast at the part intended to be lowest, by which it may be 
bolted to the floor of the building in which it is erected. 
It is formed so as to separate into three horizontal sections^ 
the middle one of which is for the purpose of admitting^ 
and properly fastening the partition with its stufiing^ 
boxes ; the upper section serves as a lid, and all are se- 
cured to each other by flanches and screws. 

W. Earle, Liverpool, March 26, 1805. 

J. C. Stevens, May 31, 180&. 

This patent is for a high-pressure boiler, resembling 
Mr. Wooirs ; it may be thus described. Suppose a pkte 
of brass, of one foot square, in which a number of holes 
are perforated, into each of which is fixed one end of a 
copper tube, an inch in diameter, and two feet long, and 
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the other end of the tube inserted in like manner into a 
similar piece of brass : these are to be enclosed at each 
end of the pipes by a strong cap of metal so as to leave a 
small space between the plate and cap. The necessary 
supply of water is then to be injected by . means of a 
forcing* pump communicating with one of the cafu^ 
while the steam is conveyed from the other to the re- 
quired point. 

A. Brodib, May 31, 1805^ 

The cast-iron boiler invented by Mr. Brodie, may be 
constructed of any dimensions, and the iron plates of 
which it is composed are made with flanches of the re- 
quired size, and put together with rivets and screws. To 
prevent the boiler giving way by the force of vapour 
within, it is strengthened by wrought-iron stays, and 
the vessel thus made is supported by iron legs, so that the 
fire is allowed to communicate with the whole of its 
lower area without being connected with the brick work 
with which it is usually surrounded. 

James Boaz, Glasgow, July 2, 1805. 

This patent is for an improvement on Savery's engine, 
which Mr. Boaz effects by separating the steam from the 
water to be raised. For this purpose he employs a float- 
ing piston upon Papin's plan, and such an arrangement 
of the forcing pipes that the repellent force of the steam is 
always acting upon the same body of water. 

A. WooLF, Spafields, July 2, lfi05. 

To prevent the danger attendant on the use of Mr. 
Wooirs high-pressure engine, he in this patent recom- 

p2 
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mends the use of oi}, or (he fat of animals placed in the 
reeeptacle, whkh in his former patent contained steam of 
great elasticity* The vessel employed to contain ibese 
flnids forms a complete case or envelc^ to the working* 
cylinder, so that the whole k maintained at one unifiMrns 
temperature, which is to be kept up by a fire under op 
roand the receptacle. By this arrangement, the aecemty 
of employing steam of a great expansive force is obviated, 
and steam of a comparatively low temperature will pro-^ 
duce all the effects that can be obtained from steam of a 
high temperature, without any of the risk with which the 
production of the latter is accompanied. He also pro- 
poses a method of preventing the passage of any of the 
steam from that side of the piston which is acted upon by 
the steam, to the other side which is open to the condenser. 
In the double-action steam engines he effects this by 
employing, upon or about the piston, a column of mer- 
cury of an altitude equal to the pressure of the steam. Tn 
working the single engine, a less considerable altitude of 
metal is required, because the steam always acts on the 
upper side of the piston ; and in this case oil, or the fat of 
animals, will answer the purpose sufficiently well, and at 
much less cost. 

W. Deverell, Blackwall, Aug. 2, 1806. 

This, specification describes an improved constructicm 
of the fire-place, an improvement in the cold water pump, 
and a saving in the method of applying the steam. The 
principal of these is that of connecting the steam boiler 
with three iron cylinders, filled with water instead of 
placing it on brick work. In describing the peculiar 
advantages resulting from this part of the invention, Mr. 
Deverell says, ^^In the present mode of setting boilers^ 
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the bride iKrork und^oealli tfaem is attended with frequent 
repairs, owing to the action of the fire upon them ; nor is 
this^ expense the only inconvenience : the whole concern 
is, for the time that they are repairing, completely stop- 
ped." These inconveniences Mr* Deverell proposes to 
remedy by the adoption of metallic supports for the 
boiler. 

As a more ecmiomical mode of applying the steam, Mr. 
Deverell, like Mr. Woolf, proposes to have two woriLing 
cylinders, placed near to one another, each having a pipe 
of communication with a Iarg« vessel, in which the steam, 
after passing from the small cylinder, is suffered to expand 
itself before entering the large cylinder. The pistons in 
the two cylinders work alternately up and down by means 
of valves or cocks, opening and shutting as in the coMmon 
engine. Suppose the small piston has made a stroke, and 
a passage is opened to the steam vessel at the end of the 
stroke ; at first beginning to work the engine the vessel 
will be full of steam of about eighteen pounds pressure, 
admitted from the boiler, but afterwards will only be sup- 
plied by the steam thrown in from the small cylinder. If 
the steam in the boiler be of forty-four pounds pressure 
per square inch, the ratio of the two working cylinders 
may be as one to three, for then the smaller one will 
supply the larger with steam of about eighteen pounds 
pressure. 

Mr. D. states that the improvements thus effected con- 
sist in a saving of the pressure of the atmosphere, and in 
the steam which would otherwise be dischai^ed and use- 
less going from the smaller working cylinder to the steam 
vessel, and from thence to the larger working cylinder, 
from which it is afterwards drawn off and condensed. 
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S. M1LLBR9 Gresse Street, St. Pancras, Oct 90, 1805« 

J. Trotter, Soho Square, Nov. 14, 1805. 

A. Flint, Northampton Street, Nov. 16, 1805. 

This engine, which may be ased eith^ as an hydraulic 
machine, and impelled by a continuous stream of water, ojr 
as a rotative steam-engine, consists of two hollow cylinders, 
one of which is so much smaller than the other that it may 
lie within it. They are both to be turned true, and placed 
concentrically: they are also furnished with flat steain- 
tight tops and bottoms, either cast with them, or fitstened 
by screws. The inner cylinder has a piurtition in its middle 
parallel to its top. It revolves within the outer cylinder, 
and has a pipe passing through the centre of its top and 
that of the outer cylinder, from its upper division, in the 
latter of which tops it is made steam-tight by stufiBng 
boxes. This pipe communicates with another, that passes 
to the boiler, having the parts in contact with it also made 
steam-4;ight so as to admit of its circular motion. Another 
pipe, in a similar manner, passes from the lower division 
of the inner cylinder through the bottom of the outer cy* 
linder, to form a connection with the condenser. 

From the side of the inner cylinder projects a piece 
similar to a piston, which fills the section of the cavity in 
the line of the radius, between the two cylinders : this 
rectangular piston is so contrived, that it may be stufied 
round the edges and be made steam-tight. 

The outer cylinder has two semi-cylindrical cavities cast 
in its sides opposite to each other, with their open parts 
turned inwards ; each of which is of sufficient size to admit 
within it a portion of a smaller cylinder, which is placed up* 
right between the two large cylinders. In these spaces 
are placed valves, which retire alternately into the lateral 
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cavities of the outer cylinder to admit the piston to pass by 
them. These valves consist each of the segment of a cy- 
linder of the height of the inner cylinder, connected with 
a circular top and bottom, turning on centres ; and an axle 
from each passes through the top of the outer cylinder, 
through steam-tight joints, by which it may be turned 
round from without. 

At one side of the piston a perforation is made into the 
upper cavity of the inner cylinder to admit the steam ; and 
at the other side of the piston a similar perforation is made 
into the lower cavity of the inner cylinder to form a com- 
munication with the condenser. An arm also projects from 
the revolving steam-pipe, which as it moves round strikes 
against other arms projecting from the axles of the valves, 
and opens them in succession, while connecting rods pass- 
ing between the arms of the valves and other arms, are so 
arranged as to close one valve when the other is opened. 
The steam being now admitted will pass on from the 
steam-pipe through the upper cavity in the inner cylinder, 
to the space intercepted between the two large cylinders, 
the shut valve, and the piston, and will impel the piston 
round till it has passed the open valve ; after which the 
revolving arm before mentioned closes the open valve, and 
opens the shut valve, which operation is successively re- 
peated. In the mean time the confined steam enclosed in 
the space first mentioned, escapes at the opening of the 
valve into the lower cavity of the inner cylinder, and from 
thence to the condenser, and thus maintains that inequality 
of pressure at the opposite sides, of the piston which causes 
it to revolve. 

C. CoE, London, 1805. 
Application of heat. 



/» 
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J. M^Nauohton, London, 1805. 
Saving fiiel. 

B. DoDD, London, 18(Ku 
Saying fuel. 

R. WiLLcox, Lambeth, May 21, 1806. 
Mr. Willcox's improved steam engine consists of an 
outer fixed cylinder, and an inn^ revolving one, each 
fumi^ed with pallets or cocks, which in passii^ each 
other are moved so as to recede from each other's way ; 
but in other parts of the circle they pngect so as to tm* 
verse the space between the two cylinders, and form steam* 
tight partitions, one of which being fixed, and the other 
moveable, the steam forces the latter roimd, and with it 
the moveable cylinder, the axis of which gives motion to 
the machinery for which the engine is erected. On one 
side of the fixed pallet is a valve, which by a pipe com* 
municates with the boiler, and on the other side is placed 
a second valve which leads to the condenser. The ends 
of the cylinders are made steam-tight by rings which, press 
the packing against them ; and the edges of the pallets 
are made steam-tight by the intervention of a hempen 
cloth. That part of the surface of the cock which comes 
in contact with the revolving cylinder, has a groove cut 
down it, into which a piece of metal is fitted, that is pressed 
against the cylinder by screws, so as to ccmie in close 
contact with the revolving cylinder. In cases where this 
engine is employed to raise or g^ve motion to any fluid in- 
troduced within its interior chamber, the effects produced 
will be similar to those of a lifting or forcing pump, and it 
is likewise applicable to all engines which operate by 
giving motion to fluids. 

R. DoDD, Change Alley, London, June S, 1806. 
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W. NiCHpi.soN^ Soho Square, Nov. 22, 1806. 
The method in which steam is directed to be applied in 
the specification of this patent, is similar to that in which 
water acts in the ancient instrument called the water-blast, 
and in the same manner will impel forward air, or any other 
gaseous substance, in contact with the perforations of the 
tube through which it passes. The apparatus suggested by 
Mr. Nicholson consists of a boiler, from the top of which a 
horizontal tube passes in a direction perpendicularly over 
the centre of an air recepta^e, when it bends downwards 
for a small distance, that the current of steam proceeding 
from it, may enter a vertical pipe beneath it, the lower end 
of which passes a little way underneath the water, with 
which the air receptacle is about half filled. The use of 
the water in the air receptacle is by condensing the steam 
to separate it from the air, so that the latter may pass, on 
free from any aqueous mixture. A way is described of 
applying this operation of steam, in forcing air forward, to 
aid the water-blast, in which the water is made to pass 
through the side apertures of the descending pipe from an 
external vessel, while the air pressed forward by the steam, 
passes down a pipe which enters a small way into the 
upper part of the same descending pipe. 

W. Lester, London, 1806. 
" A Rotatory engine." 

T. Bourne, W. Chambers, and C. Gould, 

Warwick, 1806. 
This is a very ingenious apparatus for roasting meat by 
the agency of steam, nearly similar to the engine contrived 
by Col. Congreve. 

J. Lamb, New York, 1806. 
Application of heat 
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J. Robins, Liverpool, 1806. 
Furnace. 

S. Miller, London, 1806. 
Saving fuel. 

H. Maudslay, Margaret Street, Cavendish Square, 

June 13, 1807. 

These improvements, as will be seen by reference to the 
plate and description, consist in reducing the number of 
parts in the common steam engine, and so arranging and 
connecting them as to render it more compact and portable. 
This is effected by employing metallic frames, beams, &c 
instead of wood, brick-work, and other materials previously 
applied to that purpose. 

A. Pollock, Glasgow, 1807. 
Saving fuel. 

R. DoDD, London, 1807. 
Economy of heat. 

J. Bradley, London, 1807. 
New arrangement of furnace bars. 

T. Preston, Tooley Street, Borough, Jan. 26, 1808. 
A new method of setting boilers. 

T. Smith, Bilston, Staffordshire, June 3, 1808. 
T. Price, Bilston, Aug. 24, 1808. 
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T. Mead, Yorkshire, Aug. 24, 1806. 

This patent is for a rotative engine, and the inventor 
employs two moveable pistons which alternately revolve 
round their axes or centres. To effect this, two circular 
plates or shells of metal are made similar in their construc- 
tion, each of which has a flanch and a semi-circular cavity 
formed for the reception of the pistons. A hollow part is 
also formed round the centre of each for a small circula^ 
plate to turn in ; and near the edge of this recess a small 
groove is made containing the requisite packing, &c. 
On the outside of each of the metallic shells there is 
a hollow pipe or boss for the reception of two spindles 
that pass through them. Two holes are also made through 
one of the plates for the insertion of pipes, one for ihe 
purpose of conveying steam into the shells, and the other 
for conducting it from them into a condenser. One of the 
shafts or spindles is made hollow, to permit the other to 
pass through it. To the lower part of each of these shafts 
a piston is fixed ; and each has also attached to its upper 
part an arm with a friction-wheel near its outer extremity. 
When the pistons are put in motion the ftriction-wheels 
work in, and communicate motion to the fly, and other 
apparatus to be impelled. 

t 

J. LiNNAKER, Portsmouth, 1808. 
Steam boat. 

J. CowDEN, and J« Partridge, London, 1808. 

Saving fuel. 

J. P. Fesenmbyer, St. Clement Danes, June 15, 1809. 
E. Lane, Shelton, Staffordshfa^, Aug. 9, 1809. 
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W. C. English^ Twickenbam, Nov. 28, 1809. 

W*.NoBLEy Battersea, Dec. 14, 1809. 

S. Clegg, Manchester, July, 26, 1809. 

For a rotative engine, die piston of which makes a coBii* 
plete revolution in a channel at a distance from tfae.oenitre 
of motion. Although this apparatus is exempt from same 
portion of the friction inherent in engines on the rotattye 
construction, it still remains inore considerable than Mr* 
Clegg seems to suppose. The difficulty also of wMiVing' 
such an extent of surface air tight, and the liabflity (rf 
BCMne of its parts to derangement, appear great drawbadbi 
upon its utility. 

J. Grellier, Aldborough-Hatch, 1809. 

Saving fuel. 

J. Murray and A. Anderson, Edinburgh, 1809. 

Application of heat. 

J. F. Archbold, London, 1809. ^ 

Application of heat. 

W. Johnson, Blackheath, 1809. 
Heating fluids. 

N. Booker, Limekiln Hill, Dublin, 1809. 

Saving fuel. 

R. ScANTLEBURY, Redruth, 1809. 
Certain improvements. 
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R. Witty, Kingston-upon-Hull, Feb. 12, IglO. 

This myentioii consists in making, airraligkig, and com- 
bining the reciprocating rectOinear motkm with the rota* 
tive in such a manner that the steam^cyliMders, with 
pistoiHk moving, in Ihem in a rectilineal directiOBy do at the 
same time turn upon a horizontal axle w shi^ Taefiect 
this the patentee employs four cylinders fijled at right 
angles to each other on a hollow nave or^Kxle, by means 
of screw-bolts ; and the pistons working in these cylinders 
are made tight at their exti*enie ends by the usual pack- 
ii^. These pistons^ which are firmly connected together 
in pairs, by reciprocating rods, must be made of sach a 
weight, that a vacuum in one. of the cylinders may easily 
raise them both together in a perpendicular direction. Aw 
axle which is fixed horizontally is ground air-tight into 
the hollow nave, like the key of a cocky with tw^ duets or 
tubes in it ; one of these tubes .is placed at the upper side 
of the axle, and is connected with the steam p^e; the 
other is fixed on the opposite side, and joined to the pipe 
that leads to the cond^Mier. Each cylinder is made to 
connnum'cate through the hollow shaft where the tw& 
ducts in the fixed axle (which resemble two Water ways> 
in a cock) correspond with each other, aad at each half 
revelation the holes in the bottom aS the cylinders; ope» 
alternately into these two ducts. The hollow shaft numt 
be made of sufficient lengUi on each sidec^ the wheel to- 
admit of being supported in- brass pivot holes. The eylim^ 
ders and pistons being thus arrai^ed, and one pair of 
them being nearly in a vertical position, if the steam be 
admitted into the upper cylin^r by the proper duc^ its. 
expansive force will raise this pair of pistons, and tfails 
destroy the equilibrium of the wheel, producing a rotatory 
motion. In revolving, each of the cylinders will be filled 
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with gteam from the upper duct, and discharged when 
they descend to the lower one. Thus after the cylinder 
has cleared itself of air at the commmcement of its opera- 
tion, the lower cylinder will be under a yacuom, w^hile 
the upper one connected with it, will be receiving steam 
from the boiler. Hence the pistons will evidently be con- 
stantly receding from the centre on one side of the whed, 
and approadhing the centre on the other, thus prodacing 
a continuous motion. 

A. WooLP, Lambeth, June 9, 1810. "° 

The workmg cylinder for this engine has no bottom, 
but is enclosed in another cylinder of such dimemaona, 
that the space between the two is equal, at least, to the 
contents of the working cylinder, the lower rim of whic^h 
is about the same distance fit>m the bottom of the enclos- 
ing cylinder, as the sides of the two cylinders are apart. 

Into the enclosing cylinder such a quantity of oil^or fat 
is put, as shall, when the piston is at its greatest height in 
the working cylinder, fill all the space beneath it, and 
also fill the enclosing vessel to the height of a few inches 
above the lower rim of the working cylinder. A small 
quantity of oil is also poured in above the pistcm. If 
the engine is to be open to the atmosphere, the endosii^ 
vessel has a conununication with the boiler above, which, 
when opened, causes the oil or fat to ascend beneath the 
piston as it rises ; and when the passage to the boiler is 
closed, and that to the condenser opened, the preasare of 
the atmosphere forces the oil back again into the enclos- 
ing vessel. In a closed or double engine, the comimmi- 
cations from the boiler and condenser are to be to the t€ip 
of the working cylind^, and to the bott(Mn of the enclos- 
ing vessel. In the event of evaporation, means are to be 
provided by cocks, or valves, and a spring pump, to keep 
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the oil at a due height over the piston. By thus interpos- 
ing oil between the piston and steam, both above and 
beneath, a considerable saving of steam, and consequently 
of fuel, is effected. 

D. Cock, London, 1810. 
Heating fluids. 

W. DocKSEY, Bristol, 1810. 
Application of heat. 

W. Clerk, Edmburgh, 1810. 
Regulation of heat. 

W. Chapman^ Newcastle, 1810. 
Steam Wheel. 

J. Justice, Dundee, 1810. 
A pplication of heat. 

S. Adam, Connecticut, 1810. 
Certfun improvements. 

J. Craioie, Quebec, 1810. 
Saving fuel. 

R. Witty, Kingston-upon-HuU, Oct. 90, 1811. 

This specification describes several improvements on a 
prior patent obtained by Mr. Witty. They confsist princi- 
pally in making the piston draw or force round the ma^ 
chinory to be worked by it, whilst itself moves both in a 
rectilinear and rotaltory' direction in a cylinder, or steam- 
vessel, which also revolves upon an axis. 

To admit the action of the steam, and of the condenser, 
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in the rerolvin^ cylinder, its axis is bored lengthways in 
two places, so as to form two passages, each of which cchb- 
nranicates by lateral pipes with the end of the cylinder 
opposite to the side of the axis in which it lies ; the ex- 
tremity of this perforated axis is formed of a conical shape, 
and turns in a box made to fit it, in the same maimer that 
the reyolving part of a conamon cock turns in its barrel. 
From the upper part of this box a pipe passes to the 
steam-boiler, and from the lower part another pipe pro- 
ceeds to the condenser, and lateral apertures are made 
through the sides of the axle to the two passages within it, 
which, as the axle turns, alternately conmiunicale with 
the steam-pipe and the pipe of the condenser in the box 
in the same manner as a two-way cock is made to act. 

Several principles are mentioned by the patentee, on 
which the cylinder prepared as above, can force itself 
round; ^hich are all of the nature of crank or cardioid 
motions. The first of these principles stated by the pa- 
tentee effects a rotatory movement by the action of a 
moving groove on a fixed centre ; which groove is placed 
at right angles to the cylinder, in a Irame that is connected 
with piston-rods proceedii^ from the opposite ends of the 
cylinder, and of course partakes of their alternating^ mo- 
tion. Another principle consists in the operation of the 
ends of piston-rods, proceeding from the opposite extre- 
mities of the cylinder; on the outside of the rim of a laige 
wheel, whose centre is placed at the distance of about half 
the stroke of the piston from the axis <^ the cylinder. The 
rim of the wheel projects so as to extend to the line of the 
piston rods, which are bent round to support friction wheds 
outside it, that alternately ccmie in contact with steps on tbe 
rim, and by them force round the wheel, by a motioii 
similar to that which levers would cause, when made to 
press alternately on tbe outside of a heart-wheeL 
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C. Broderip, Great Poland Street, Not. 2, 1811« 

J. MiERs, London, 1811. 
Saving fiiel. 

M. Logan, Rotfaerhitbe, 1811. 
" Generation of beaV 

W. Good, London, 1811. 
Valres. 

J. Trotter, London, 1811. 

Improvements in the application of steam. 

♦ 

G. Gilpin, Sheffield, 1811. 
, Application of steam. 

H. James, Birmingham, 1811. 
Steam boat. 



T. Deakin, London, 1811. 
Saving fuel. 

R. W. Fox and J. Lean, Budoek, near Falmouth, Dec. 10, 

1812. 

The two principles on which the patentees profess to 
have founded their improvements upon furnaces, are. 
First, that an artificial blast will produce an equal quan- 
tity of heat with one-fourtb less fuel than the usual open 
draught; and. Secondly, that the separatk>n' a( that part 
of the boiler, which is immediately over the fire, will 
permit steam of a higher temperature to be collected^ 
wiiich might be s^vantageously applied in its passstge taa 
lower temperatttre. In this conslraction the ah* for the 

Q 
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consumption of the fuel is not permitted to enter the lower 
parts of the .fire-place in the usual way, but is injected or 
forced through openings by machinery attached to the 
steam engine. 

W. Chapman, Merton House, Durham, Dec. 13, 1812. 

In this patent a moveable chain is employed to impel 
carriages upon a plain road instead of the crank usually 
applied to the carriage wheel. Mr. Chapman also employs 
an additional number of wheels for the support of the car- 
riage, by which means a considerable saving in the cost of 
the rail-way is eflfected. 

J. Sutherland, Liverpool, 1812. 
Boiler and evaporating vessels. 

H. OsBORN, Bordesley, 1812. 
Manufacture of cylinders. 

H. HioGiNSON, London, 1812. 
Steam boat. 

J. Steele, Liverpool, 1812. 
Application of heat. 

W. Onions, Paulton, 1812. 
Steam wheel. 

W. Brunton, Butterley, Derbyshire, May 22, 1813. 

The pedestrian apparatus or walking machine described 
by Mr. Brunton, is constructed to obviate the necessity of 
employing an iron rail or carriage way«. This he attempts 
to effect by the use of metal legs occasionally raised and 
depressed by the power of a steam engine similar to the 



227 

motion of the human frame, when in the act of walking. 
That this however is not considered sufficient, even by the 
patentee, we have abundant proof, and the specification 
contains a description of various modes of connecting' the 
machine with an indented rail, &c. any of which are in the 
full as expensive as the eonunon toothed wheel and track 
road employed by Mr. Blenkinsop. 

R. DuNKiN, Penzance, Jan. 90, 1813. 
For lesseiiing'the consumption of steam and fuel. 

H. Witty, Kingston-upon-Hull, June 5, 1813. 

J. Barton, Tufton Street, Westminster, Nov. 1, 1813. 

J. Sutherland, Liverpool, 1818. 

Furnace. 

C. Brodertp, London, 1813. 
Boiler. 

J. White, Leeds, Dec. 14, 1814. 

W. A. Noble, Riley Street, Chelsea, March 23, 1814. 
J. U. Rastrick, Bridgnorth, Salop, April 1, 1814 

T. TiNDALL, York, June 18, 1814. 

For improveiitients in the application of steam to the 
propelling of carriages. 

R. W. King, Loudon, 1814. 

Boiling water. 
q2 
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J. Slater, Birmingham, 1814. 
Boiler. 

R. DoDD and G. Stephensoj^, Killingworth, Northumber- 
land, Feb. 28, 1815. 

For improvements in the construction of locomotive 
engines. 

W. LosH, Northumberland, April 8, 1815* 

The first object to be attained by the adoption of this 
patent is a considerable saving in the consumption of fnel 
employed in heating the boiler. This the patentee 
proposes to effect by employing two furnaces, and 
thus preventing the usual current of cold undecomposed 
atmospheric air from passing along with the heated gase- 
ous matter. When the atmospheric air in this undecom- 
posed state comes in contact with iron, and some other 
metals at a high degree of heat, it has the effect of oxidat- 
ing their surfaces, both by its own decomposition* and by 
that of the water which it always carries with it; and 
those oxidated surfaces separate in successive coats of 
scales, till by degrees, the metal is entirely corroded away : 
so that by the adoption of Mr. Losh's plan, a considerable 
saving in the expense of repairs and loss of time in re- 
placing the boiler is effected. 

M. BiLLiNGSLEY, Bradford, Yorkshire, April 20, 1815. 

R. Trevithick, Cambrone, Cornwall, June 6, 1815. 

In addition to the packing usually employed in the 
high-pressure engine, Mr. Trevithick introduces a colnnui 
or ring of water, which running round the piston renders 
the whole air-tight. By this means he avoids a great pTo- 
poriion of the usual friction, a very moderate degree of 
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tightness in the packing being in practice found sufficient 
to prevent the passage of so dense a fluid as water. The 
second part of this invention consists in causing steam of a 
high temperature to spout out against the atmosphere, and 
by its recoiling force to produce motion in a direction con- 
trary to the issuing stream, similar to the motion produced 
in a rocket-wheel, or to the recoil of a gun, by which 
means a rotative action is produced. Mr. Trevithick also 
describes three other improvements on the high-pressure 
engine, the latter of which, though only applied to nauti- 
cal purposes, is by far the most important. It consists in 
employing a spiral worm or screw similar to the vanes of 
a smoke-jack, which fai;^ing made to revolve at the head or 
stern of the vessel, produces the required motion. 

H. HouLswoRTH, Glasgow, 1815. 
Discharging condensed water. 

W. Moult, London, 1815. 
Furnace. 

J. Cutler, London, 1815. 
Supplying fuel. 

W. and M. Beaver, Glamorgan^ 1815. 

Furnace. 

Marquis De Chabannes, 1815. 
Saving fuel. 

J. T. Dawes, Bromwich, Stafford, Feb. 6, 1816. 

The parallel motion usually employed is in this engine 
rendered unnecessary by the inunediate application of the 
piston to a crank, whose arbor supports the fly-wheel, and 
communicates motion to the connecting apparatus. 
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G. F. M UNTz, Birmingham, March 2, 1816. 

For a method of abating, or nearly destroying smoke, \ 
and of obtaining a valuable product therefrom. 

A. Rogers, Halifax, March 23, 1816. 
For an improved method of setting boilers. 

W. Stenson, Coleford, April 9, 1816. 

G. BoDLEY, Exeter, April 27, 1816. 
For an engine to work either by steam or water. 

J. Neville, Northampton Square, Aug. 14, 1816. 
For a new and improved method of generating steam. 

W. LosH, Newcastle-upon-Tyne, Sep. 30, 1816. 

That part of Mr. Losh's patent which relates to the lo- 
comotive engine, coasists in an improved mode of connect* 
ing and supporting the apparatus by means of pistons 
working in steam-tight cylinders, which answers the pur- 
pose of a spring carriage, and produces a continued 
equilibrium in the various parts of the engine. 

B. DoNKiN, Surrey, 1816. 
Boiling water. 

P. Taylor, Bromley, 1816. 
Applying heat. 

R. Stirling, Edinburgh, 1816. 
Saving fuel. 

J* Turner, Lay ton, 1816. 
Rotatory engine. 
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J. Gregson, London, ISIO. 
Supplying fuel. 

G. Mainwaring, Marsh Place, Lambeth, May 22, 1817. 

This invention consists in conveying the steam (after 
leaving the cylinder in order to be condensed) through a 
passage or passages surrounded with water supplied from 
the hot well. In these passages are fixed a number of 
metal pipes or tubes which are filled with water from the 
surrounding casings, and which has its temperature in- 
creased by contact with the steam passing to the^ con- 
denser. The water thus heated is conveyed by a fbrc^ 
pump to the boiler, and a considerable saving of fiiel is 
thus eflfected. 

J. Oldham, South Cumberland Street, Dublin, Oct. 10, 

1817. 
For an improvement in the mode of propelling vessels 

by the agency of steam. 

M. Poole, Lincoln's Inn Old Square, Dec. 15, 1817. 

W. A. Osborne, Bordesly, 1817. 
Boring cylinders. 

G. Stratton, London, 1817. 
Saving fuel. 

W. Moult, Bedford Square, London, Jan. 15, 1818. 

J. Scott, Bengo Place, Surrey, Jan. 23, 1818. 
For an improved mode of propelling steam-boats. 

J. MuNRO, Finsbury Place, Middlesex, Feb. 12, 1818. 
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J. RouTLEDOE, Bolton-Je-Moor, Lancashire, Feb. 27, 

1818. 

Fot improYements upon the rotatory engine. 

W. Church, Clifton Street, Finsbury Square, April 8, 

1818. 

T Jones and C. Plimley, Birmingham, May 7, 1818* 

In this specification the patentees describe an apparatus 
intended to operate either as a blast or steam engine^ and 
the piston is rendered air-tight by means of a colimui of 
water. 

J. M ALLAM, Marsham Street, Westminster, Aug. 6, 1818. 

Sir W. Congreve, Cecil Street, Westminster, OcC 19, 

1818. 

The principle upon which elastic Yapour i» employed in 
this engine, consists in collecting its force beneath the 
pressure of a column of water or other heaYy fluid, and its 
efiect to produce motion will then be regulated by their 
re-acting pressure. 

To apply this force to the greatest adYantage, this in* 
genious experimentalist recommends the employment of an 
apparatus resembling the OYershot water-wheel, but in 
this case the wheel is immersed in a fluid in which it is 
made to rcYolYe, and the steam entering beneath the hol- 
low boxes or float boat is made to produce a contiguous 
rotatory motion by its ascent to the surface. 

J. Fraser, Long-Acre, London, Noy. 12, 1818. 
For improYements in the steam-boiler. 

R. Wright, Token-House Yard, London, Noy. 14, 1818. 
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L. CocHit ANfiy and A. Callow at, 1818. 
Machine for consuming smoke. 

W. Moult, London, 1818. 
Certain improvements. 

A. Haliburtov, Wigan, 1818. 
Furnace. 

P: Taylor, Bromley, 181& 
Applying* heat. 

J. Ikin, Christchurch, 1818. 
Furnace bars. 

Marquis De Chabannes, London, 1818. 

Boiler of tubes. 

H. Creighton, Glasgow, 1818. 
Regulating the admission of steam. 

J. Seaward, Kent Road, London, April 3, 1819. 
For an improved mode of generating steam. 

W. Brunton, Birmingham, June 29, 1819. 

An account of Mr. Brunton's mode of consuming 
smoke, will be found in a preceding page. 

G. KiLLEY, Briggin, 1819. 
General improvements in the construction. 

J. PoNTiFEx, London, 1819. 
Improvement on Savery's Engine. 
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J. Oldham, South Cumberland Street, Jan. 15, 1820. 

For improvements on a previous patent, dated Oct. 10, 
1817. 

J. Barton, Falcon Square, London, May 15, 1820. 

J. Hague, Great Earl Street, Spitalfields, June' 3, 1820. 

J. Wakefield, Ancott's Place, Manchester, June 6^ 1820. 

For improvements in the construction of fiiniaces by 
which a saving of fuel may be effected. 

W. Brunton, Birmingham, 1820. 
For an improved mode of constructing furnaces. 

J. Rider, Belfast, Ireland, July 20, 1820. 

For improvements capable of producing a concentric 
and revolving eccentric motion, applicable to steam en- 
gines, &c. 

J. Moore, Castle Street, Bristol, Dec. 9, 1820. 
For an ingenious, though we fear useless, rototary eng^ine. 

W. Pritchard, Leeds, Yorkshire, Dec. 22, 1820. 
For a saving of fuel by the combustion of smoke. 

W. Carter, Middlesex, 1820. 
General improvements. 

J. Parkes, Warwick, 1820. 
Consuming smoke. 

W. Alderset, Homerton, Middlesex, Feb. 3, 1821. 
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T. Masterman, Broad Street, Ratcliffe, Feb. 10, 1821. 

For a rotatory engine which we have already very fully 
described. 

R. Stein, Walcot Place, Lambeth, Feb. 20, 1821. 

H. Penneck, Penzance, Cornwall, Feb. 27, 182L 
For lessening the consumption of fuel. 

H. Browne, Derby, March 16, 1821. 
For saving fuel and consuming smoke. 

A. Manby, Horsely, Staffordshire, May 9, 1821. 

T. Bennet, Bewdley, Worcestershire, Aug. 4, 1821. 

F. A. Egells, Britannia Terrace, City Road, Nov. 9, 

1821. 

C. Broderip, London, Dec. 5, 1821. 

J. Griffith, Crompton Crescent, Dec. 20, 1821. 
For an improved locomotive engine. 

J. Bates, Bradford, 1821. 
Feeding furnace. 

R. Delap, Belfast, 1821. 
Steam wheel. 

J. Dickson, London, 1821. 
Transmitting heat. 

P. Devey, London, 1821. 
Preparing fuel. 
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P. London, London, 1821. 
Furnace* 

N. Arnot, London, 1821. 
Furnace and boiler. 

Sir W. Congreve, London, 1821. 
Addition to a former patent. 

J. Gladstone, Castle Douglas, Gralloway, Dec. 20, 1821. 
For an improvement in the construction of steam vessels. 

G. Stephenson, Long Benton, Northumberland, March 

21, 1822. 

A. Clark, Dron, Fifeshire, March 21, 1822. 

m 

For an improvement in the boiler and condenser. 

M. 1. Brunel, Chelsea, Middlesex, June 26, 1822. 

J. Smith, Sheffield, Yorkshire, July 4, 1822. 
For an improvement in the boiler. 

Messrs. Beningfield and Beale, High Street, Wlufte- 

chapel, Sep. 27, 1822. 

Messrs. T. and J. Binns, Tottenham Court-road, Oct. 18, 

1822. 

For improvements in propelling vessels, and in the con- 
struction of steam engines and boilers. 

T. Leach, Blue Boar Court, Cheapside, Oct. 25, 1822. 
J. Perkins, Fleet Street, London, Dec, 10, 1822. 
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W. Johnson, Great Totham, Essex. Jan. 8, 1823. 

For a means of obtaining the power of steanl for the 
use of steam engines, with reduced expenditure of fuel. 

J. Perkins, Fleet Street, London, June 5^ 1823. 

Messrs. Fisher and Horton, Westbromwich, Stafford- 
shire, July 8, 1823. 

For an improvement in the construction of boilers for 
steam engjnes, and other purposes where steam is re« 
quired. 

Messrs. Bower and Bland, Hunslet, Leeds, Yorkshire, 

July 31, 1823. 

For an improvement by which the air pump is rendered 
unnecessary. 

W. WiGSTON, Derby, Derbyshire, Aug. 11, 1823. 

Messrs. Perkins and Martineau, Hill Street, London, 

Nov. 20, 1823. 

For an improvement in the construction of the furnace 
of steam boilers and other vessels, by which fuel is eco- 
nomised and the smoke consumed. 

Messrs. Furnival and Smith, Droitwitch, Dec. 9, 1823. 

For an improved boiler. 

S. Hall, Basford, Nottinghamshire, April 8, 1824. 
For an improved steam engine. 

P. Taylor, City Road, London, July 3, 1824. 
W. Foreman, Bath, Somersetshire, Oct. 7, 1824. 
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P Aleoree, Commercial Road, Middlesex, Oct. 7, f824. 

For an improved method of generatrng* steam appli- 
cable to steam engines and other useful purposes^ 

Messrs. Maudslay and Field, Lambeth, Oct. 14, 1824» 

For a method of changing the water used in boilen for 
generating steam, particularly applicable to the boilert of 
steam vessela making long voyages, by preventing the 
deposition of salt or other substances contained in the 
water, at the same time retaining the heat, saving' fiiel, 
and rendermg the boilers more lasting. 

J. Moore, Broad Weir, Bristol, Nov. 6, 1824. 
A. TiLLOCH, LL. D. Islington, Jan. 11, 1825. 

Messrs. Burnstall and Hill, Bankside, Southwark, 

Feb. 3, 1825. 

For a locomotive or steam carriage. 

Messrs. Gilman and Sowerby, Whitechapel Road, 

April 13, 1825. 

For improvements in generating steam, and on engines 
to be worked by steam or other elastic fluids. 

J. C. C. Raddatz, Salisbury Square, Fleet Street, May 

14, 1825. 

W. H. James, Coburg Place, Winson Green, Birminghani, 

June 14, 1825. 

For improvements in the construction of boilers for 
steam engines. 
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Messrs. Thompson and Barr, Vincent Square, West- 
minster, June 21, 1825. 

For improvements in producing steam applicable to 
steam-engines, or other purposes. 

J. A. Teissier, Tottenham Court Road, Sept. 15, 1826. 

G. GuRNEY, Argyle Street, Middlesex, Oct. 21, 1825. 

For improvements in the apparatus for raising or gene- 
rating steam, &c. 

L. W. Wright, Princes Street, Lambeth, Surrey, Oct. 21, 

1825. 

P. Taylor, City Road, 1825. 

This patent consists in an arrangement of the piston- 
rods of cylinders of steam-engines, when in a horizontal 
or inclined position, to prevent the pistons from pressing 
unequally on the cylinders; and a method of combining 
two or more cylinders, so as to direct their joint powers to 
one operation. 

The patentee directs, for attaining the first object, that 
the piston-rod shall pass through the piston, and out 
through the opposite end of the horizontal or inclined 
cylinder, being provided with fit stuffing-boxes at both of 
its extremities ; and that each end of this long piston-rod 
shall be furnished with a vertical wheel, grooved at its 
rim, and moving between two metal guides, parallel to 
each other and to the sides of the cylinder. These guides 
being, of course, one above and the other below the 
wheels, would, if the rod were perfectly inflexible, prevent 
the weight of the piston from making it press too much 
at the lower side of the cylinder ; but as this cannot be, 
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the patentee proposes to effect his purpose by causing 
considerable weights to act on each end of the rod in oppo- 
site directions, by appending them to the horizontal arms 
of " bell-cranks," or bent levers, so as to tend to preserve 
the rods straight by keeping them in a state of ten- 
sion. These weights may either consist of pump-rods at 
each extremity, when the engine is employed in pumping 
the water from deep mines, or a pump-rod may be at one 
extremity and the weight at the other, in which latter 
case the power of the engine exerted in lifting the weight 
would not , be lost, as the weight would re-act on the 
piston-rod in its descent, and assist the engine in lifting 
the pump-rod and water at its opposite extremity. 

It is obvious that these engines may be employed in 
producing rotary movements for mill-work, as well as 
those of a reciprocating nature mentioned ; but with the 
rotary movement the tension of the piston-rod would not 
be effected without weights being appended for this pur- 
pose to the bent levers at each of its extremities. 

The action of two cylinders managed in this manner 
may be combined by placing them parallel to each other, 
and uniting their piston-rods at each end to strong cross 
pieces, from the middle of which rods are to proceed to 
the bent levers, weighted as before. In the specification 
two levers are represented, lying on the same horizontal 
plane, and having the wheels and guides at each end of 
the cross pieces, instead of being in the same line with the 
piston-rod ; but it is evident they may be placed one over 
the other also on the same principle, and that any numher 
of them may be combined in this manner by properly 
disposing the cross pieces and wheels, which latter, how- 
ever, need not be multiplied as the number of cylinders 
are increased, as the number of wheels that will serve for 
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the piston-rods of two cylinders, may also be made to 
support those of several more. 

A method of binding these cylinders down firmly to 
their supports, whether the latter are constructed of stone 
or of cast-iron, is described by the patentee ; as is also 
the mode of disposing the tubes that convey the steam to 
the several cylinders, and from them to the condenser, or 
to the open air (according to the nature of the engines), 
so as to make one set of valves or slides serve for them 
all. 

W. Parr, City Road, Aug. 27, 1826. 
For improvements in the mode of propelling vessels. 

C. Mercy, Stoke Newington, Sept. 8, 1826. 
Certain improvements in propelling vessels. 

G. H. Palmer, of the Royal Mint, Sept. 15, 1826. 

For machinery for propelling vessels through water by 
steam or other power. 

Sir J. Cochrane, Tunbridge Wells, Sept. 16, 1826. 
A new method of propelling vessels at sea. 

John Poole, SheflSeld, 1826. 
Improvements in steam-engine boilers. 

W. Robertson, Craven Street, Strand, 1826. 

A new method of propelling vessels by steam, on canals 
or navigable rivers, by means of a movable apparatus 
attached to the stem or stem of the vessels. 



242 
J. B. WiLKS, Surrey, 1826. 
Improyements in generating steam.. 

P. Steinstreet, Basing Lane, 1826. 

For certain improvements in propelling vessels, which 
improvements are applicable to other purposes. 

J. L. Stephens, Plymouth, 1826. 

For an improved method of propelling vessels through 
the water by the aid of steam. 

J. CosTiGEN, Dec. 13, 1826. 

For certain improvements in steam machinery and 
apparatus. 

E. Galloway, 1826. 
For a rotatory engine. 

W. Parkinson, Barton-upon-Humber, and S. Croslbt, 

City Road, 1826. 

An improved method of constructing and working an 
engine for producing power and motion. 

Peter Bust, Waterloo Place, Limehouse, 1826. 
An improved steam-engine. 

G. GuRNEY, Argyll Street, 1826. 

Improvements in locomotive engines, and other appli- 
cations connected therewith. 
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if. M. Skene, Jermyn Street, 1826. 

Improvements in the mode of propelling vessels on 
water. 

R. Barlow, Chelsea, 1826. 

For a new combination of machinery, or a new motion for 
superseding the necessity of the ordinary crank in steam- 
engines, and for other purposes where power is required. 

W. Stratton, Limehouse, 1826. 
xAlU improved apparatus for heating air by steam. 

T. Peck, St. John's Street, Clerkenwell, 1826. 

For a new engine worked by steam, which he deno- 
minates the revolving steam-engine. 

T. BuRSTALL, Leith, 1826. 
Improved machinery for locomotive engines. 

B. WooDCROFT, Manchester, 1826. 
Improvements in wheels and paddles for steam-boats. 

J. Frazer, Houndsditch, 1826. 

A new mode of constructing boilers of steam-engines. 
By this method steam is got up with great speed, and 
it is also very compact. 

J. Neville, New Walk, Surrey, 1826. 
An improved carriage propelled by steam. 

W. Hall, Colchester, 1826. 
Certain improvements in propelling vessels. 
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J.J. Isaac, Star Street, Edgeware Road, Jiily 5, 1828. 
For improvements in propelling vessels on water. 

J. DuTTON, Wootton-under-Edge, May 19, 1829. 

For an improved mode of propelling vessels on prater 
by steam power. The novelty proposed under this patent 
is to employ buoyant plungers for propelling vessels on 
water, which, after being driven out by any mechanical 
force against the water in the act of propelling, are 
brought back to their place of rest simply by their buoy- 
ancy. 

T. Banks, of Patricroft- within -Barton -upon- Irwell, 

Lancaster, Sept. 13, 1829. 

For improvements in steam-engines, consisting prin- 
cipally in a new mode of effecting the induction and 
eduction of steam, by a peculiar apparatus to be attached 
to the working cylinder, and in the manner of lubricating 
the cylinder. 

J. Moore, Bristol, Sept. 30, 1829. 

For machinery for propelling carriages; and also for 
propelling ships, and for guiding propelled carriages, and 
apparatus for condensing the steam of steam-engines after 
it has propelled the piston. 

J. ViNEY, Piccadilly, Nov. 2, 1829. 

Improvements in steam-boilers employed in carriages, 
or apparatus connected therewith. 

This invention consists in certain improvements in 
steam-boilers ; Colonel Viney making them of a conical 
shape, and circular conical flues ,* by which he is enabled 
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to apply the heat of lamps, fed with oil or gas, as eflFec- 
tually as other fuel ; which enables him to expose a much 
more extended surface of fuel, in a given space of boiler, 
than is usually done. 

W. Grisenthwaite, Nottingham, Feb. 27, 1830. 

Certain improvements in steam - engines : these are 
described as an improvement on Watt's steam-wheel, that 
is, a rotatory steam-engine. The patentee states, that 
instead of employing mercury in the wheel (we presume 
for the steam-stop), he proposes to introduce a block of 
iron mounted on anti- friction rollers, which shall slide 
round. Under some circumstances he would, instead of 
the circular rim of the wheel, adapt a series of vessels 
with pipes connecting one to the other ; the pipe entering 
each box on the side farthest from the centre, and the 
pipe for coming out on that side which is nearest to the 
centre. 

W. A. Summers, St. George's Place, St. George's in 
the East, and Nathaniel Ogle, Millbrooke, Hants, 
April 13, 1830. 

For improvements in the construction of steam-engine 
and other boilers, applicable to propelling vessels, loco- 
motive carriages, and other purposes. The peculiar con- 
trivance for a steam-boiler described by the inventors in 
their specification of the above patent, consists in forming 
the boiler of a number of tubes or cylindrical chambers, 
placed in a vertical position, having other smaller tubes 
or flues passing through them, for the passage of the hot 
air or ignited gas from the furnace below ; the larger 
tubes or chambers contain the water to be heated, and 
are connected together at both ends by horizontal tubes. 
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The supply of water is forced into the vertical chambers 
by a force-pump through the horizontal tubes at the 
bottom; and from the upper horizontal tubes the steam 
is conveyed by a pipe off to the engine. 

The inner tubes or flues form a complete passage for 
the heated air^ from the furnace crosswise through hori- 
zontal tubes, and throughout the larger cylindrical cham- 
bers from end to end ; the whole apparatus is surrounded 
by a casing of metal^ by which the heated air is also made 
to pass up through the spaces between the outsides of the 
larger cylindrical chamber ; whereby the water contained 
in them is exposed to an extensive surface of heated 
metal^ on both the insides and outsides of the cylindrical 
chambers. 

S. Seaward, Poplar, Jan. 15, 1831. 

An apparatus for economising steam, and for other 
purposes; and the application thereof to the boilers of 
steam-engines employed on board packet-boats, and other 
vessels. The subject of this patent is the adaptation of a 
box or vessel contiguous to the boiler, which is either to 
be employed to receive and condense the surplus steam 
usually blown away at the safety-valve of the boiler, when 
the pressure of the steam has arisen to an extraordinary 
height, or, by producing a vacuum in this box, to draw or 
pump water from the hold of the ship, or from the sea^ 
for the supply of the boiler ; in both of which cases a 
saving of fuel is effected. 

A. Smith, Prince's Street, Leicester Square, 

Jan. 22, 1831. 

Improved machinery for propelling vessels on water, 
and also for inipn>vements in the construction of vessels. 
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W. Morgan, York Terrace, Regent's Park, 

Feb. 14, 1831. 

For improvements in steam-engines. 

B. WooDCROFT, Manchester, March 22, 1831. 

For improvements in the construction of a revolving 
spiral paddle for propelling vessels on water. 

G. Stephenson, Liverpool, April 30, 1831. 

A new mode of constructing wheels for railway car- 
ri'ages. The improved method of constructing wheels for 
railway carriages, as described by Mr. Stephenson in his 
patent, consists in forming the spokes of iron wheels, of 
hollow tubes of thin wrought iron, and the ring or peri- 
phery, and nave or box, of cast iron. The tubes or spokes, 
after being prepared at their ends with borax to serve as 
a flux, are laid in their proper places within the cavities 
of the mould of sand or loam, as formed by the pattern of 
the wheel, and on fluid iron being poured into the inner 
cavity of the mould, it will surround and attach itself to 
the inner ends of all the wrought iron tubular spokes, at 
the parts where the preparation of borax has been applied, 
and form a nave or centre-piece of cast iron. Melted iron 
is also to be poured into the outer cavities of the mould, 
which will surround and attach itself to the outer ends of 
the spokes, at the part prepared with borax, and form 
the circular rim or felly of the wheel, which is afterwards 
to be surrounded with a wrought iron tire or hoop ap- 
plied to it when hot, so that it may contract in cooling, 
in order firmly to unite itself to the wheel, after which the 
wrought iron tire must be turned, to run properly on the 
railway. 
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J. Perkins, Fleet Street, July 2, 1831. 
For an improved method of generating steam. 

W. Brown, Liverpool, July 9, 1831. 
For certain improvements in steam-engines. 

M. Poole, Lincoln's-Inn, July 13, 1831. 

An improved mode of propelling vessels on water; 
also improvements in steam-engines : part of these im- 
provements are applicable to other purposes. 

H. Lister Maw, South Moulton Street, July 20, 1831. 

For an improved method of using fuel, so as to bum 
the smoke. 

Sir Caleb Anderson, Bulevant Castle, Cork, 

Aug. 2, 1831. 

For improved machinery for propelling vessels on 
water, which is also applicable to other purposes. 

Alexander Cochrane, Norton Street, Great Portland 

Street, Aug. 10, 1831. 

For improved machinery for propelling locomotive car- 
riages. 

W. H. James, Thaives'-Inn, Holbom, Aug. 15, 1831. 

For improvements in the construction of steam-car- 
riages, and the machinery for propelling them, part of 
which are applicable to other useful purposes. 
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R. Badnall, Douglas, Isle of Man, Sept. 1, 1831. 

For improvements in the construction of rails for loco- 
motive engines to work upon. 

R. Tbevithick, Cambom, Cornwall, Sept. 22, 1831. 

For improvements on the steam-engine, and in the 
application of steam-power to navigation and to loco- 
motion. 

M. Berry, Oflfice for Patents, Chancery Lane, 

Sept. 28, 1831. 

For certain improvements in the generators of steam 
and other vapour, and in engines to be worked by steam 
or vapour for propelling machinery on land, and vessels 
on water ; and also in the mode of condensing such steam 
or vapour. These improvements consist in the following 
general features : — First, in connecting certain parts of a 
boiler to a bath containing a dense fluid, by which a por- 
tion of heat may be absorbed from the steam, if acciden- 
tally raised above a given pressure, and the possibility of 
explosion diminished, and which absorption expands the 
dense fluid, and by that means causes a mechanical acti6n 
to take place, which removes the fire grate or furnace, and 
hence diminishes the quantity of heat applied to the 
boiler. Secondly, in the peculiar arrangement and con- 
struction of certain parts of the engine, viz. the crank- 
shafts, which are made hollow, for the purpose of carrying 
away the eduction vapour to the condensors, by which the 
air-pumps may be partially, if not entirely, dispensed 
with ; and the adaptation of tubes which convey the con- 
densed vapour away from the axle into the receiver below. 
Thirdly, in the construction of a movable condenser, in 
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coDnexion with, or forming part of the paddle-wheel of a 
marine^ or fly-wheel of a land engine ; by the rapid 
motion of which through the water or air^ the cooling and 
condensation of the vapour is eflected. 

W. Hale, Colchester, Oct. 13, 1831. 

For improvements in the machinery for propelling ves- 
sels, which are also applicable for raising and forcing fluids. 

J. Brunton, Park Square, Regent's Park, 

Nov. 15, 1831. 

For a new adaptation of certain apparatus for beating 
fluids or liquids, and generating steam for various useful 
purposes. 

S. Hall, Basford, Dec. 22, 1831. 

For an improved piston and valve for steam, gas, and 
other engines ; also an improved method of lubricating the 
pistons, piston-rods, and valves or cocks of such engines^ 
and of condensing the steam and supplying water to the 
boilers of such steam-engines as are wrought by a yacuum 
produced by condensation. 

B. NoTT, Liverpool, Dec. 22, 1831. 

For improvements in the construction of furnaces for 
generating heat. 

R. Roberts, Manchester, April 13, 1832. 

For improvements in steam-engines, and also in the 
mechanism through which the elastic force of steam is 
made to give impulse, and to regulate the speed of loco- 
motive carriages. 
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R. Badnall, Jun. Douglas, Isle of Man, Sept. 8, 1832. 

An improved mode of constructing the frames, or rails, 
for locomotive engines to run upon. 

R. Trevithick, Camborne, Sept. 22, 1832. 

Improvements on the steam-engine, and in the applica- 
tion of steam power to navigation, and to locomotion. 

S. Converse, Ludgate Hill, Sept. 29, 1832. 

For certain improvements in manufacturing metallic 
rails for the construction of rail-roads. 

H. Scrivener, New Broad Street, Nov. 6, 1832. 

For improvements in the construction of iron rail- 
ways. 

E. Galloway, Carter Street, Walworth, Nov. 7, 1832. 

For improvements in steam-engines and apparatus for 
propelling vessels. 

J. Reynolds, Oakwood, near Neath, Jan. 9, 1833. 

For an improved engine and apparatus, to be worked 
by steam and other motive power. 

S. Hall, Basford, Jan. 9, 1833. 

For an improved method of lubricating the pistons, 
piston-rods, and valves or cocks of steam-engines, and of 
condensing the steam of such engines as are worked by a 
vacuum produced by condensation ; also a method of con- 
densation applicable to other useful purposes. 
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W. Hancock, Stratford, Jan. 16, 1833. 
For improvements upon steam-boilers. 

J. Perkins, Fleet Street, July 2, 1831. 

For improvements in generating steam. 

Under this head we have to describe a very important 
improvement in the steam-boiler. Mr. Perkins ascer- 
tained that, in the common boiler, a large portion of heat 
was lost by the non-conducting character of the steam 
formed in contact with the metal; and that when the 
boiler was very hot, this circumstance tended to the de- 
struction of the metal, without at all increasing the quan- 
tity of elastic vapour generated. Thus the excess of heat 
passed into the material of which the vessel was formed, 
but did not escape freely through it into the fluid, so that 
in proportion as the heat was increased beyond a certam 
limit, the rate of boiling decreased, — mischief to the boiler 
proceeding with augmented force. 

Mr. Perkins further ascertained, that to produce the 
maximum eflect, the heat, applied to any boiler of the 
usual construction, for the purpose of evaporating water, 
must be of one specific degree, which degree he denomi- 
nated the evaporating point. He found, by experiment, 
that whilst any degree lower than this point would pro- 
duce a sluggish and diminutive effect, when compared 
with the rate of action at the evaporating point, so would 
any higher degree impede the rate of evaporation in pro- 
portion as the intensity of the heat was increased : unless, 
in order to render available any heat beyond the evapo- 
rating point, some new means should be introduced to 
counteract the repelling power of heated metal, and to 
force the water into positive and continued contact with it. 
Mr. Perkins took an iron cup of considerable thick- 
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ness^ cast for the purpose^ which he raised to a white heat, 
and whilst it was allowed to cool gradually^ several mea- 
sures of water were poured in it, each in succession, as 
soon as the previous one had evaporated to dryness. 

The first measure in evaporating occupied 90 seconds ; 
the second, 80 ; the third, 59. 

The vapour or steam thrown off began now to appear, 
and became more distinctly visible with the evaporation 
of succeeding measures of water. 

The fourth measure in evaporating occupied 30 se- 
conds ; the fifth, 20 ; the sixth, 12. The seventh measure 
shewed what Mr. Perkins has termed the evaporating 
point, and in a dense cloud of steam evaporated suddenly 
in 6 seconds: the eighth measure occupied a longer 
period, viz. 10 seconds ; the ninth measure occupied in 
evaporating 20 seconds; the tenth 32 seconds; and the 
eleventh did not boil. 

The first measure of water, although contained within 
the iron cup at a white heat, was perceptibly not in contact 
with the metal, but was repelled to some distance from it 
in a state of buoyancy, and there moved freely in every 
horizontal direction. So circumstanced, the water evapo- 
rated slowly ; but when, by the evaporation of successive 
measures, and the lapse of time, the iron was cooled down 
to the " evaporating point," the water then evidently came 
in contact with the iron, and a given quantity of water 
was converted into steam fifteen times quicker at a mode- 
rately slow, than at an intensely high heat. 

On the basis of these experimental results Mr. Perkins 
has constructed a boiler, possessing many advantages over 
those previously in use. It may be thus described : to a 
boiler is fitted a hollow lining, extending round the sides 
and over a portion of the bottom, in order that a strong 
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circulation in the water may be caused^ and that, by 
driving a peq)etual current forcibly against the inner 
surface of that portion of the boiler exposed to the fire^ 
the whole of the heat may be taken up by the water. 

If we suppose, in a boiler constructed on this principle, 
an opening at the bottom of the lining, and steam formed 
in the outer vessel, the bubbles contained in the external 
portion of water must rise continually to the sur&ce, with 
a power, when at a low temperature, somewhat exceeding 
the diflFerence in the specific gravity of air and water ; but 
if the number of bubbles be increased by additional heat, 
the difference between the respective specific gravities 
will be increased also, inasmuch as a larger quantity of 
vapour will be present in the water between the inner and 
the outer vessel, and the rapidity and force of the upward 
action will augment in a proportionate ratio ; and if the 
heat be greatly increased, augmenting the relative propor- 
tion of steam-bubbles, still more rapid and powerful will 
be the force and rate of their current to the surface (there 
bursting and giving off the vapour conveyed in them), 
whilst the water in contact with the bubbles, partaking of 
their influence, will rise in a current also, having a tend- 
ency to produce a vacuum in the lower portion of the 
boiler. At the same time, the fluid in the inner vessel' 
being unmixed with bubbles of vapour or steam, will, by 
its greater specific gravity, descend and continually ar- 
range itself under the rising columns of the outer vessel, 
and so produce a circulating current. 

It has been shewn that the rising current will increase 
in power and rapidity with every increment of heat ap- 
plied, and that the descending current will keep pace with 
it. If a fire composed of the strongest fuel, be urged with 
extreme intensity round a boiler of this construction, so 
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rapid and forcible will be the rising tarrent, diat it will 
draw towards, and carry up with it, sand, gravel, w 
BtoneB, or almost any kind of heavy snhstance of a 
moderate size which may happen to be in the boiler, 
sweeping off, in ite ascent, all the steam-bubbles which 
form on the interior surface of the outer vessel, keeping 
that sur&ce cleared from any kind of vapour, which would 
otherwise act as a non-conductor of beat, or form an 
impediment to the free passage of heat from the fiiel to 
the water, effectually preventing the adhesion to the boiler 
of salt, lime, or earthy matter of any kind, and by forcing 
a continued succession of watery particles into actual con- 
tact with the metal, will cause them to take up all the 
heat at the instant of its formation, and accelerate the 
production of steam with astonishing rapidity. 

Thus may water be converted into steam considerably 
faster than by the common method ; or, in other words, 
by a boiler fitted with an apparatus of this kind, much 
less in size and weight than by a boiler without eueh 
apparatus, an equal quantity of steam of any required 
power can be made in a given time. 

The general arrangement of a condensing boiler con- 
structed on these principles, is shewn in the engraving 
beneath. 
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The circulation is in this case produced by the plate 
cccc, and the direction taken by the fluid is indicated 
by the arrows. There are either two fires, or else a 
wall is placed in the centre of the boiler, which keeps 
down the temperature of the water at that part of the 
boiler, and ensures a perfect circulation. A similar effect 
is shewn in the other figure, where a b represents a portion 
of a tubular boiler, consisting of a series of vessels descend- 
ing from a flat plate, forming the ordinary bottom of a 
boiler. The tubes, of which only one is represented in 
the figure, are filled with water, and descend into the 
iiimace, presenting a very considerable surface to the 
flames and heated vapours which play around them, 
causing the water contained in the tubes to boil, and 
throw ofl" steam into the upper part of the boiler. 

On lighting a fire in the furnace, the heat will strike 
against the outer surface of the tube a a, and thus give off 
heat to the water which is in contact with the metal ; and 
such heated water will rise id the surface, and give off so 
much of it as is converted into steam ; while the inner 
column of water contained in the tube b will descend, 
and continue to fill up the space of that part which has 
become heated, and is rising to the surface. Thus will 
a very rapid circulation of the water take place in each of 
the tubes, caused by the inner tubes or linings ; and hy 
such rapid circulation, however great the degree of heat 
applied to the outer area of the tubes, the rapid circulation 
will carry up the same, and give it ofi" at the surface with 
the steam, and at all times keep the tubes at a tempera- 
ture which will not injure the metal, as would be the 
case were the inner tubes or linings not used. . 

A certain quantum of heat being requisite to convert 
water into steam, under the most favourable circum- 
stances, no greater economy of fuel is expected from this 
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contrivance than will ensue from applying the fuel in the 
most effective manner. The saving, therefore, can only 
extend to the quantum of fuel misapplied or wasted under 
the common mode, which, however, is considerably more 
than is generally imagined. 

But an increased saving may be effected where good 
stone coal can be obtained with facility, experience having 
shewn that any given weight of stone coal will give out 
considerably more heat than a like quantum of bituminous 
coal, but of too sharp an intensity for a common boiler 
to sustain without injury: all that intensity of heat may, 
however, be made safely available with the addition of 
this apparatus to a common boiler. 

R. Stevenson, Newcastle-upon-Tyne, Jan. 26, 1833. 

Improvements in the locomotive steam-engines now in 
use for the quick conveyance of passengers and goods 
upon edge rail- ways. 

E. Appleby, Doncaster, Jan. 29, 1833. 
Improvements in steam-engines. ^ 

J. Linton, Selby, Jan. 29, 1833. 
For an improved construction of steam-boilers. 

L. Hebert, Hampstead Roa'd, and J. Don, Lower 
James Street, Golden Square, Feb. 21, 1833. 

For improvements in engines, and other machinery 
employed in the construction of steam-vessels and steam- 
carriages : a portion of these improvements is applicable 
to other purposes. 
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T. Hills, the younger, St. Michael's ADey, Comliill, 

Feh. 21, ISaS. 

For a new mode of constmcting famaces for steam- 
boilers, and other purposes. 

A. Gordon, Strand, Feb. 21, 1833. 

Improvements in the generators of steam, and in ocm- 
doising such steam; and in engines to be worked by 
steam for propelling machinery and carrii^es on landy and 
Tessels on water ; being a communication made to him by 
a foreigner. 

J. Thompson, London Iron and Steel Works, 

Feb. 27, 1833. 

Certain improTements in the steam-engine. 

J. White, Southampton, March 28, 1833. 
MacliineiT to be worked by steam or other power. 

J. Ericsson, Albany Street, Regrent's Park, April 4, 1833. 

For an engine for producing motive power, wherebv a 
greater quantity of power is obtfuned from a ^ven qnan- 
titv of fiiel than heretofore. 

J. Fraser. Beri& Marks, St. Marv Axe, Mav 7, 1833. 

For improvements in steam-boilers, and in the arrange- 
ment of the machinery attached to them, as applicable to 
land carriages. 

G. Carter, Nottingham Lodge, Kent, June 1, 1833. 
Improvements in paddle-wheels. 
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W. Squibb, Paddington Basin, and F. M aoerone, Upper 
George Street, Bryanston Square, July 18, 1833. 

An improved boiler for generating steam. 

J. Petrie, Rochdale, July 25, 1833. 
Improvements in steam-engines. 

W. WiGSTON, Salford, near Manchester, Aug. 12,' 1833. 

For improvements in apparatus for consuming smoke, 
which are applicable to the furnaces of steam-boilers. 

J. S. Russell, Stafford Street, Edinburgh, Aug. 14, 1833. 

Improvements in the boilers and machinery of steam- 
engines, and in the manner of their application to loco- 
motive purposes. 

Sir C. W. Dance, Hertsboume Manor Place, Hertford ; 
and J. Field, Lambeth, Aug. 20, 1833. 

Improvements in the boiler and other apparatus ap- 
pertaining to locomotive carriages. 

J. DoDD, Horsley Iron Works, Staffordshire, Sept. 14, 

1833. 

An improved combination of materials, and method of 
manufacturing valves for steam-engines, &c. 

J. Maudeslay, Lambeth, Oct. 7, 1833. 

Improvements in the structure of certain boilers for the 
producing steam for the working of steam-engines. 

R. Stephenson, Newcastle-upon-Tyne, Oct. 7, 1833. 

For an improvement in the locomotive steam-engines 
now in use for the quick conveyance of passengers and 
goods upon edge railways. 
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D. Redmund, Charles Street, City Road, Oct. 28, 1833. 

Improvements in steam-carriages. 

G. F. MuNTRY, Birmingham, Oct. 28, 1833. 

For an improved mode of manufacturing boilers for 
generating steam. 

R. Holme, Kingston-upon-HuU, Nov. 6, 1833. 

For improvements -in apparatus and means of genera- 
ting steam, and in other parts of steam-engines^ and also 
in the means of producing heat. 

R. W. Brandling, Low Gosforth, Northumberland^ 

Nov. 19, 1833. 

For improvements in applying steam and other power 
to ships' boats, and other purposes. 

J. C. Douglas, Great Ormond Street, Nov. 19, 1833. 

Improvements in the construction of furnaces for gene- 
rating heat. 

J. C. Douglas, Great Ormond Street, Nov. 19, 1833. 

For improvements which prevent either the explosion 
or the collapse of steam and other boilers from an excess 
of internal or external pressure. 

B. R. CoMTE DE Predaval, Leicester Place, Leicester 

Square, Nov. 19, 1833. 

An engine for producing motive power, applicable to 
various purposes. 

L. W. Wright, London Road, Southwark, Dec. 16, 1833. 
Improvements in apparatus by which certain well- 
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known agents may be employed in producing power, and 
in the mode of effecting the same. 

T. Sunderland, Blackheath, Dec, 19, 1833. 
Improvements in propelling vessels. 

Thomas, Earl of Dundonald, Dec. 20, 1833. 

For certain improvements in the construction imd ope- 
ration of rotary engines, and apparatus connected there- 
with. 

J. H. Kyan, Upper Baker Street, Dec. 21, 1833. 

For a new combination of machinery to be applied to 
the present purposes of steam navigation, in aid of and in 
substitution for the motive power hitherto obtained by the 
application of steam. 



APPENDIX (B.) 

Evidence given hy Mr, Srunton, before a Committee of 
the House of Commons^ illustrative of his Boiler^ de- 
cribed at p, 171. 

'* In the fire-regulator, first, by the very equal distribution 
of the coal upon the surface of the grate, a thin fire and a 
sharp draught was maintained, and this was effected by 
the coal being introduced in small quantities falling upon 
the whole of the area of the fire in regular succession. 
Secondly, the coal was introduced upon the fire without 
opening the fire-door ; and this was effected by dropping 
the coal through the roof of the supplementary boiler. 
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Thirdlyy the decomposition of the coal was much more 
perfect than hy the common furnace^ and this was effected 
hy the revolving of the grate, which exposed each side of 
every piece of coal on the grate to the current of the fire 
passing constantly in one direction across it. Fourthly, 
the introduction of the coal was completely governed by 
the steam generated, analogous to a water-wheel, govern- 
ing by its velocity the quantity of the water permitted to 
fall upon it; thus, considering the production of the steam 
as the effect, and the introduction of coal as the cause, the 
former had a perfect check over the latter, and at no time 
admitted more coal into combustion than was really neces- 
sary for the performance of the work which the engine was 
then doing. Fifthly, the whole apparatus, being a rery 
simple mechanical arrangement, acted independently of 
either the skill or the carelessness of the fireman. — In ob- 
taining the maximum effect, thought it advisable to em- 
ploy a thin fire, with a sharp draught, witness being of 
opinion that the greater quantity of oxygen brought into 
contact with the coal in combustion, the greater heat or 
effect was produced from it. The fire-regulator, and the 
other modes proposed for burning smoke, stood upon very 
different grounds ; for the value of a boiler, as an imple- 
ment for generating steam, depended on the quantity of 
coal which might be burned under it producing a maxi- 
mum effect ; and when any change was made in a fur- 
nace, by which either the quantity of coal consumed with 
a maximum effect was diminished, or the effect of the 
same quantity of coal decreased, in either case it was 
injurious. The fire-regulator, while it increased the quan- 
tity of coal consumed, increased the effect also, and thereby 
increased the value of the boiler to which it was attached, 
as it would raise a greater quantity of steam at a much less 
expenp' 



APPENDIX (C) 



Steam Bbats.^ 

JL HE application of the Steam Engine to propel vessels 
at sea, is one among the many great improvements which 
characterize the age, and invites us to look forward to a 
facility of intercourse with other nations, which must bfe 
highly conducive to our prosperity. While we were 
obliged to depend upon the natural powers of the winds 
and tides, the uncertainty and hazard of life and property 
acted as a bar to commercial enterprise. It is true it did 
not put a stop to it, but it rendered the risk of safe con** 
veyance great, and therefore expensive, and the time of 
transit long and tedious. 

The superior advantages of a moving power within the 
vessel, and completely under the control of its attendants^ 
is too apparent to be insisted upon. For a power of this 
kind can be increased and diminished at pleasure, or 
totally removed, if occasion requires. It even. can be 
directed in opposition to wind and tide, — affording a 
means of retreating from the danger of the conflicting 
elements, when their united powers oppose all approach 
to the place of safety ; and in affording a more certain and 

• The above admirable Paper is ftom the pen of Thomas Tredgold^ 
Esq. Civil Engineer, and forms a very useful appendix to our account of 
Steam Navigation, as it furnishes important mathematical data for the 
construction of the paddle wheels. • . 
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secure mode of conveyancey a new impulse has been girea 
to study the laws of motion in fluids, and the theoretical 
principles of naval architecture. 

It has been said, that, in these departments of science, 
the British are less advanced than other nations, and there 
is, perhaps, some truth in the remark ; for the operatioiiB 
of art have hitherto been but slightly directed by science 
in this country. The importance of a knowledge of 
science is only banning to be felt; and, in a sliort tim^ 
we hope it will be acted on with more success than it has 
been in any other place, or in any other age. It- is' nrach 
to be wished, that some able writer would mould tke 
elements of pure science into a form fitted for the use of 
practical men, and teach the truths of physical scsienee in 
the plainest and most simple manQer,-^not in the qgi^ 
nected trains of systems, but in the most detached aad 
independent form, recollecting, that it is the object of 
the practical man to acquire the methods of discsoverin^ 
Ike laws of nature as they actually operate^ — to ascertain 
their relations, to measure and compute forces, motioai, 
and effects in the particular cases which arise in bnninni 
Knowledge of this kind does not require so much prerioiis 
systematic study, as may be expected ; indeed, it is nimit 
efl^ctually cultivated, and rendered familiar by piactioe. 
It cannot be pursued with advantage without consulting 
nature; hence it leads to a close observance of natnnd 
phenomena. ^* Man, Nature's minister and interpreter^ 
acts and understands only so much of the ordor of nataxe 
as he has observed by the assistance of experience and 
reason ;" his labours are confined to directii^ and modi* 
fying the effects of natural causes. These causes are 
often difficult to investigate; and, therefcxe, the most 
concise and general modes of reasoning are the best fitted 
for his purpose ; by these methods, the pure sciences have 
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been advaoiced to high, parfeetieib I ^Ikidetotbe geo- 
metrical and lUMtlytical method* of Feasonuig. By 9igM . 
and characters, the algebraist (onoB a condensed and 
faithful picture of the state of the problem ; the peculiar 
merits of this method are comprcheiisiTeDeflB and gene- 
rality* The ge<»neter effects bi» object by the rektbn of 
lines and figures, and appeals to the senses for llie eeiw 
tainty of his ccmclusions. Each method has its* adran-* 
tages ; but a mixture of the two modes is superior to either, 
because the general conclusions oi the one may ofi^a be 
proved to the senses by the other. 

But to return to the object of this paper, it may easily 
be conceived, that the motion of steam boat», their forms 
and proportions, will aflbrd some fine subjects for the 
application of science, and tend to- illustrate the remaiics 
we have joiM^veRtui^ on the' advimtage of the species of 
knowledge, which is rather founded on a just conception 
of thfe action of natural causes, than on the systematic 
doctrines of schools. Our object shall be, to find the re^ 
sistance at different velocities in still water, and the best 
velocity for the paddles ; the disposition and number of 
the paddles; the resistance at different velocities in 
currents or streams, and the velocity for the paddles m 
such cases. 

In still water, it may be assumed, that the resistance of 
the same vessel is sensibly proportional to the square of 
the velocity ; the difference from this law being too small 
to produce a sensible effect within the range to which the 
velocity is limited in practice. Therefore, if a be the 
force that will keep the boat in uniform motion at the 
velocity te, the force that will keep k in motion at the 
velocity v, will be found by this analogy, 

M» 2 w* : : a : — 5- = the resistance at the velocity r. 
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Now, this force acts with the velocity v; hence, the 
mechanical power required to keep the boat in moticfti at 

the velocity t?, will be — . 

Whence it appears, that the mechanical power, or the 
power of a steam engine to impel a boat in still water, 
must be as the cube of its velocity. Therefoiie, if an 
engine of twelve horses' power will impel a boat at the 
rate of seven miles an hour in still water, and it be re- 
quired to know what power will move the same boat at 

10* X 12 

ten miles per hour, it will be T' : lO^ : : 12 : — ^ — =35; 

or an engine of thirty-five horses' power. 

This immense increase of power to obtain so nnall an 
increase of velocity, ought to have its influence ia fixing 
upon the speed of a boat for a long voyage, and its pro- 
portions ought to be adapted for that speed, with a proper 
excess of power for emergencies. A low velocity should 
be chosen, where goods as well as passengers are to be 
conveyed. Our example places this in a striking point of 
view, for to increase the velocity of the same boat from 
seven to ten miles per hour, requires very nearly three 
times the power, and, of course, three times the quantity 
of fuel, and three times the space for stowing it, besides 
the additional space occupied by a larger engine ; con- 
sequently, if seven miles per hour will answer the pur- 
poses of the trade the vessel is to conduct, t)ie advantages 
ofthe lesser speed must be evident. 

According to the principles we have calculated upon^ 
the power required to give a boat different velocities in 
still water will be as follows : 



3 miles per hour. 


5} horses' power. 
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25 
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In short voyages, the extra quantity of engine room 
and tonnage for fliel, is not so objectionable : but, in a 
long voyage, it reduces the useful tonnage to so small a 
proportion as to render it doubtful whether such vessels 
will answer or not. The consumption of fuel to produce a 
given effect, is much greater than in engines on land ; 
and, perhaps, much in consequence of the imperfection of 
the draught of the chinmey, and the limited space for the 
boiler. The former might be easily remedied by an 
artificial blast, directed so as to force the flame to expend 
its heat on the boiler. And, while on this subject, it well 
deserves the attention of those who wish to improve steam 
boats, to adopt some more effective methods of confining 
the heat to its proper object, and particularly where the 
engineer and firemen are exposed to it. 

When the paddles of a steam boat are in action, there is 
a point in each paddle, wherein, if the whole reaction of 
the fluid was concentrated, the effect would not be 
altered ; this point may be called the centre of reaction. 
It has not been determined for the case under considera- 
tion, but may perhaps form a subsequent object of research. 

We suppose the fluid to be at rest, and th^ velocity 
of the centre of re-action to be V, and the velocity of the 
boat to be t?; then V — v is the velocity with which the 
paddles strike the water. Or, the difference between the 
velocity of the paddles and the velocity of the boat is 
equal to the velocity with which the paddles act on the 
water ; hence, when these velocities are equal, the paddles 
have no force to impel the boat ; and, if the paddles were 



to move at a dower rate, they would retard iL Now, a» 
(V — v) is the velocity, the force of the reaction will be as 
(V — v)', for this quantity is proportional to the pressure 
which would produce the velocity V — r. Bnt, during , 
the action of the paddle, the water yields with a velocity 
V — v» and since the velocity ofthe boat is tf; the efibctive 
power is aa V — i>:v::(V — u)' : i) (V. — u). And the 
efiect of this power in a given time, is a roaiimum. wlusi 
w'(V — v) is a maximum, that is,when2V=3tiracw]ien 
the velocity o( the centre of reaction of the paddles ia li 
times the velocity of the boat. 

It is desirable that the action of the paddles should be 
as equable and continuous as possible, unlev they be aiw 
ranged so that the variation of the power of the cstgine may 
coincide with the variation iD the action of the paddles But, 
in attempting to render the action of the peddle* equable, 
their number ought not to be increased more thaa «aa be 
avoided, because there is not then thne for the water tu 
flow between them, so as to afford a proper ^umatity of 
reaction, neither do they clear themsdves so w«U ia ^iu 
ting the water. If we suppo«e W L, Fig. 3, to be the 



line ^e water would assume when at rest, the meat fa- 
vourable arrangement, with the smallest nmnber of paddlea^ 
appears to be to make the paddle A of the wheel A just 
entering, when the precedii^ one B is in a vertical posi- 
tion, and the one C quitting the water. Thui arrangement 
allows tune for the water to flow between, and fra^ it to 



escape fiwna the retiring paMles. If a iottaJter anmber be 
employed, there wMI be a ehort inUrral, dnrii^ which 
none of the paddles w3l be in full' action. Th« ubnost 
vari^ion will be between the positaona of ^k wheels A 
futd B, Fig, 3, and an- intennediste position is ^ewn by 
^e wheel C I have not ett^iqrted to represent the no 
ttial state of the surface of Ae w^er daring the motkm <^ 
the paddles, for, unless it were done with accuracy accord^ 
ii^to natnre, it is better undone; but the form of the 
sur&ce wjll not materially affect the conclusions. 

To determine the radius of the wheel, or the depth of 
the paddles, when the number of die paddles is given, be- 
comes an easy problem, when the preceding conditions are 
to be adhered to. 

Fig. 3. Fig. 4. 




For, put AO (Fig, 3.), the radius ^r, and x ^ the depth 

A a of the paddles; and'n their number. Then = 

the angle AOB contained between two paddles, and r cos. 

=: O a; the cosine of the angle, being the depth from 

the centre of the wheel to the sur&ce of the water; and, 

. 360 
rcos.= — =r — X, or 

R 

r I 1— cos. — J==a;= A a, the depth of the paddles. 
Also ^— ;;^ = T- = Ao, thenldiusoftbewheeL 
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From these equatioos we have the following rules, viz. 
To find the radius of the wheel, when the number and 
depth of the paddles are given. Divide 960 hy the num- 
ber of paddles, which will give the deg^rees in the angle 
contained between the two paddles. Frran unity subtract 
the natural cosine of this angle, and the depth of the pad- 
dles divided by the remainder will give the radius of the 
wheeK 

Thus, if the number of paddles be 8, and their depth 

360 
1^. feet; then -^ss4£d\ and its cosine is "TOTl, therefine 



1-6 



= 5*12 feet, the radius of the wheel. 



1 _ .7071 

Again, if the number of paddles be 7, and their depth 

, , 360 . 

1*5 feet as before, then -=- =51® 2S; and its cosine is 

1-5 
*6234, consequently -z = 4 feet. 

^ ^ 1 —68234 
Both divisions are represented in Fig 1, and it may be 

Fig. 1. 
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remarked, that, when the depth of the paddled is fixed 
upon, the greater number of paddles should have the 
preference, because the first impression on the water is 
then less vertical. The difi*erence is easily seen, by c(»n- 
paring the angles at which the paddles A and a, Fig* 1. 
strike the water. It will also be observed, that the larger 
wheel must have less tendency to throw the water up 
behind at C. • 

It is obvious, that, by enlarging the wheel, the obliquity 
of the action on entering the water may be reduced, but it 
also may be done by lessening the depth of ttie peddles, 
as will be evident from Figs. 3, and 4, where the angles 
are the same in both wheels ; hence it is useful to be able 
to find the depth, and if the number of the paddles and 
the radius of the wheel be given, the depth may be found 
by the following rule : 

Multiply the radius of the wheel by the difference be- 
tween unity and the natural cosine of the angle contained 
between two paddles, and the product is the depth required. 
Suppose the radius is to be 4*5 feet, and that there are to 
be eight paddles, tl^en 4-5 (1 —•7071) =1-318 feet for the 
depth of the paddles. 

I think eight paddles is as small a number as ought to 
be adopted, and where large wheels can be admitted, nine 
or ten might be used with advantage, but where many 
paddles are employed, the wheels must necessarily be of 
large diameter, to keep them narrow. The advantages of 
wheels of large diameter consist in the favourable direction 
they strike the water, and also quit it ; the paddles are 
also more distant from one another, and while they have 
more re-action on the water, they splash it about much 
less ; the weight of the wheel also renders it more effective as 
a regulator of the forces acting upon it. On the contrary 
there are some strong practicable objections to very large 
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wheels for iea-veflsels ; they give the force of the wave^ a 
greater hold on the madhineryy they are cumbeFBome nod 
onsigfady, and they raise the point of action too higfh above 
the water-line ; so that the choice requires both experience 
and judgment. . 

The best position for the paddles appears to be in a 
plane^ passing through the axis, as represented in the 
figures ; if they be in a plane which does n6t ooinode 
- with the axis, they must either strike more obliquely on 
the fluid in entering, or lift up a ocmsideTiible qaanttty in 
quitting it. With respect to the shape of the paddle, it is 
clear that it should be such that the resistance lo its motion 
should be the greatest possible ; and the pressure behind 
it the least possible. These conditions ajqpear to be ful- 
filled in a high d^pree by the simplest of all fa na a , the 
plane rectangle ; but we might learn much from a jndicaoas 
set of experimaits on tbk subject. 

As there is some variation in the force of 
against the paddles, it may in sonie measure be 
sated by making its periods coincide with the 
the force of the engine. To effect this, the stroke of tfce 
engine should be made in the same time as is occupied by 
that part of the revolution of the paddle-whed, which is 
expressed by a fraction having the number of paddles fisr 
its denominator, and the piston should be at the teniiiiation 
of its stroke, when one of the paddles is in a vertical 
position. For, when one of the paddles is in a vertical 
position, as in the wheel A, Fig. 2, the re-actim ia the 
least, and it is greatest when two paddles are equdly uso* 
mersed, as in the wheel B, at which time the force would 
be acting at right angles to the crank. 

Having shewn the power that is necessary to keep a 
boat in motion in still water, it will be some advantage la 
resume the inquiry in the case where it moves in a stieain 
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or current ; and, for that purpose, let v be the velocity of 
the boat, and c the velocity of the current ; a being the 
resistance, when the boat is in motion with the velocity u. 

Then the resistance to be overcome to give the boat the 
velocity v, is, when the motion is with the stream, te« : 

. V a(v — cY 

(v — cy::a: ^^ - 

And, when the boat moves against the stream, as 

«';(t, + r)'::a;°<^+^>' 

Hence, the power in either case is expressed by 

av(+cy 

The upper sign to be attended to when the motion is 
with the current, and the lower sign when it is against 
it. When c, the velocity of the current, is nothing, the 
result is the same as before. But the resistance in still 
water is not the mean between the resistances in the direc- 
tion of the current, and against the current; consequently^ 
the mean rate of a boat, which alternately goes with and 
against a current, must be less than the mean rate in still 

water. The mean resistance is ^ — : ^, while the 

resistance in still water is only -, and the difference 

between these is — ;- ; a quantity depending on the ve- 

V 

locity of the current, and, for any particular case, should 
be calculated from the mean motion of the current. 

When a boat advances with a current, the velocity with 
which the paddles act on the water will be V+ c — v ; 
and when the boat moves against the current, it will be 
V— c— r ; consequently, in either direction it is V + c— r ; 
and the force of re-action (V + c — v)'. But the effec- 

T 
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tive resistance of the boat is as V -}- c— r : « : : (Vc j- — v)* 
: v(V+ c— v) ; and its effect in a given time is a maximum 
when V (V+c — t;)isasa maximum^ that is, when 

V= i^-^^or whenV= i-5t,qF c. Also, ?<X±^ =^. 
^ 3 

2 V 
When c = o, or the boat moves in still water — - =s t?, the 

same as before, and the mean between moving against and 

2 V 

with the current is — =t; also ; therefore, where the velo- 

city cannot be changed to suit the circumstances, this will 
be the best proportion for all cases. Where the force of a 
current is considerable, it would be extremely desirable to 
have the power of altering the velocity of the wheels ; and 
it is not proper that it should be done by any change in 
the velocity of the steam-piston ; because, whatever change 
is made in its velocity, must affect the power of the engine* 
There is no difficulty in adopting such a train of mechanism 
as would produce the alteration of velocity required, and 
yet be as strong and durable as the ordinary combination, 
and not at all expensive, compared with the object to be 
gained by introducing it. It will only be necessaiy to 
provide for an increase of velocity; for, when the boat 
goes with the stream, the rate of the paddles is already too 
great ; whereas, when a boat moves against the current, 
both an increase of velocity of the wheel, and an increase 
of surface of paddle, is necessary, to maintain the mean 
rate* 

I will close this paper with a view of the velocity a boat 
may be expected to acquire, when the power is the same. 

Let P be the power of the engine, then fJi(?L±^*_T> 

Put the ratio of the velocity of the current to the velocity 
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of the boat, as 1 : n; that is, 1 : n : : t; : c =: n t? ; whence 
we have 



a V' (1 +w)' _^p 






or 



If the boat moves in a current bf which the velocity is n 
times the velocity of the boat, then we shall have 

Velocity of Current. Velocity of Boat. 

With the stream, 4 miles per hour. 8 miles per hour. 

2-2 6-6 

1-53 — 6 12 

Still water, - O-QO — 6-00 

Against the stream, 1*08 ■ 4*34 

138 416 

1-92 3 85 

i 2-38 3-58 

317 3'17 

• 

This Table shews, that a power capable of moving a boat 
at the rate of five miles per hour, in still water, will only 
move it at the rate of a little more than three miles per 
hour against a current of the same velocity as the boat ; 
and that the speed of the scune boat would be eight miles 
per hour, when moving with a current of which the velo- 
city is four miles per hour. It should be remarked, that 
these calculations suppose the area of the paddles, and 
their velocity, to be adjusted to the maximum proportions 
in each case; were it otherwise, the velocity with the 
current would be increased, and the velocity against the 
current diminished. 
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APPENDIX (D). 



MINUTES OF EVIDENCE, 

Before a Select Committee of the House of Commons on 

Steam Packets. 

SIR HENRY PARNELL, BART. 
In the Cbair. 

George Henry Freeling, Esq. called in and ex- 
amined. Had the principal management of the Holyhead 
steam packets. The Postmasters Greneral havings been 
obliged to purchase all the sailing packets, and to clear 
the station for the introduction of those vessels, the object 
was, at first, to make the steam auxiliary to the «^il itig' 
packets, but it was found that the steam packets could do 
even more than the sailing packets, consequently two 
sailing vessels were kept as auxiliary to the steam. — ^Had 
three steam packets employed ; the Royal Sovereig'n of 
210 tons, and the Meteor of 190 ; the Sovereign is fitted 
with two engines of forty-horse power each, and the 
Meteor with two engines of thirty-horse power; they were 
both constructed by Boulton and Watt, and the Tessek 
built in the river Thames, by a person of the name of 
Evans, at Rotherhithe, on purpose for the service, under 
the inspection of the officers of the Navy Board; they 
were built upon Sir Robert Sepping's principle of the 
diagonal fastening, and made particularly strong. The 
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third is the Ivanhoe, of 165 tons : it was formerly on the 
Holyhead station as a private vessel, and has an engine 
of fifty-six horse power. The general effect of the ex- 
periment, in regard to maintaining a communication be- 
tween the two countries, has been, that the intercourse 
has been very much facilitated ; it is now almost reduced 
to a certainty. In the year preceding the introduction of 
the steam vessels, a hundred mails exactly arrived in 
London after they were due, and in the nine months that 
the steam vessels have been running since May last, there 
have been twenty-two only. The weather at the begin- 
ning of the winter, was worse than has been known for 
more than sixty years. Had proof that the steam packets 
would go to sea in weatl^er when sailing packets could 
not have gone to sea ; the captains had always considered 
that it would not be prudent to go to sea, if they were 
obliged to be under a three-reefed mainsail, and the steam 
packets had gone out in weather in which the sailing 
packets would have been obliged to be so. The average 
of the passages of the Sovereign from Howth to Holyhead, 
was six hours and fifty-seven minutes, and the Meteor 
seven hours and four minutes and a fraction. To Howth, 
the Sovereigfn seven hours, thirty-six minutes and a 
quarter; the Meteor eight hours and thirteen minutes: 
the shortest passage was from Howth, five hours and 
thirty minutes. The best point for a steam vessel, in very 
bad weather, was directly head to wind; both wheels 
could then act at the same time. The captains sometimes 
kept the vessel away, when it was blowing very strong, 
two or three points ; then, when they got on the opposite 
coast, they would take in their sails, and steam to the 
harbour in smoother water. Conceived that the success 
of these two vessels, the Sovereign and the Meteor, might 
be attributed to the superior manner in which they were 
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constructed. Had attempted to gain sotne informdtioit 
about every steam vessel which had been built, and waitf 
convinced those vessels would do what no other vessel 
could do ; they would go to sea in weather when nothing 
else could. Attributed it not only to the machinery, but 
to the weight of the hull ; a lighter vessel in a heavy sea 
would be checked, but those vessels had from their weight 
a momentum so great, that it carried them on when a 
lighter vessel would have been checked; the weight 
acting as a fly-wheel. — Was of opinion that three packets 
were a sufBcient number for maintaining the communica- 
tion between Holyhead and Dublin, so that two shoald 
sail every day. With the view that there might be a 
sufficient time allowed for looking over the machinery 
and the vessels, it was arranged that they should each be 
six days at sea and three days in harbour, which afforded 
ample time for inspecting the machinery; and that had 
been fixed in a great measure with reference to the en- 
gineers themselves, who stated that that time was more 
than sufBcient for it. — There had been some accidents to 
the engines, but these had been attributed to the use of 
cast iron ; the cross bars and the beams were of cast iron, 
and if any water was in the cylinder at starting, the check. 
caused the cast iron to break ; had now got them made ef 
wrought iron, but the lower beams of the engines ivrere 
still made of cast iron ; there must be some part of the. 
engine left to give way in case of any emergency, which 
was better than destroying the cylinder. — Believed the 
Postmasters General had some idea of trying whether 
what are called Scotch engines, might not be better for a 
third vessel, in case of one being built ; they were more 
simple, though perhaps not quite so efficient, not so liable 
to derangement, and were consequently better for a heavy 
sea ; and if the vessel was properly built, witness did not 
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think there could be any great difference in the rate of 
speed. — The boilers in the Holyhead packets were low 
pressure. Believed Mr. Watt was the inventor of the 
original high-pressure engine, but afterwards abandoned 
it on account of the danger.— No cases of late had hap- 
pened of accident from the bursting of boflers. 

George Henry Freeling, Esq. again called in, and 
further examined. Wished to explain some parts of his 
evidence given in a former day. Did not put any fuel or 
coals over the boiler, which was the cause of the Robert 
Bruce catching fire and being burnt. The coals are 
stowed in iron cases made for the purpose, in the engine 
room. The other point was as to the Ivanhoe. Witness 
was asked whether she was so strong as the other vessels, 
the answer was simply " No." But she was not three 
years old; she was inspected at Liverpool a short time 
ago, and appeared as strong as any of the steam vessels, 
except those on the Holyhead station. — Oh board' the 
Royal Sovereign there are twenty births, and two rooms, 
one for ladies and one for gentlemen. 

Captain William Rogers, called in, and examined. 
Commanded* one of the Holyhead packets. Had crossed 
in the Meteor on the 5th of February, in the heaviest sea 
witness had seen during the eight years he had been on the 
station. Went in the Meteor on the 5th of February, 
when no sailing packet could carry canvass ; they must 
have laid to ; left at nine at night, and arrived at six the 
next morning. Was satisfied his steam vessel was capable 
of performing what no sailing vessel could do. Had found 
that a steam vessel was capable of makiiig her passage 
much sooner, under all circumstances, than a sailing ves- 
sel ; in one-half of the time upon the average. With the 
wind at W.N.W. blowing hard, and leaving Holyhead in 
a gale of wind, witness had found a steam vessel had been 
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much easier than a sailing vessel ; their extreme length 
overcame the short sea. — In building a steam boat she 
ought to have a fine entrance and her- bow to flear off| 
not to shove any water before her ; any water she shoves 
before her must be an impediment to the sailing; she 
should have a fine entrance, a good line of bearing, and 
her transome pretty square, and not too high ; the more a 
vessel was stopped from pitching and rolling, the qnicker 
she would go. Had found with regard to the Scotch 
boats that all their transomes were too high and too nar- 
row, the consequence of which was, that with a head sea 
they would go with their stern under. Had seen them go 
boat and every thing under; the transome beingp square 
and low and fine under, so as to give them a right line of 
bearing, would stop their pitching and rolling, and make 
them easy on the sea, and add to their speed. The Meteor 
and the Sovereign were filled up solid to the floor-head, 
caulked inside and out, having no tree nails, but bolted 
and copper nailed. The bolts were driven upon a ring, 
and clenched at both ends. The diagonal fastening^ is a 
plank three inches thick, fore and aft, three and a half 
thick midships, and nine wide, leading from the floor* 
head to the shelf, taking in five or six timbers ; and filled 
by truss pieces into triangles, so that it was ahnost 
impossible that the form of the vessel would alter. 
Would prefer Boulton and Watt's engine to any other; 
their boilers were very superior, and never short of 
steam. Boulton and Watt had been accustomed to 
vessels for rivers, and the engines were made rather too 
slight for the channel ; the shaft was hollow, and of cast 
iron, but they had been replaced by solid shafts. Sails 
assisted the vessel very much-; had used them every way, 
except going head to wind, within four points of the wind. 
Had found the Sovereign go as fast in a calm as at any other 
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time. It must not be thought that a steam boat running 
before the wind in a gale and a heavy sea, ought to make 
the quickest passage, as they were then obliged to shut off 
half the steam, or great part of it ; for should the full 
power be on, the wheels running two or three times round 
without touching any thing between the trough of the sea, 
and then being brought up all at once, something would 
probably give way. Was of opinion, that in the event of 
the engine ^ failing, with the assistance of sails and the 
anchor, the packet might be kept in perfect safety. 

Captain William Rogers, again called in, and further 
examined. On the 16th of May, blowing hard from the 
S. W. 3. p. M. witness left Gravesend on board the So- 
vereign, in company with the Meteor steam packet, with 
seven or eight men on board of each. At nine anchored 
in the Downs, blowing very hard; she rode very easy 
with thirty-five fathom cable in five fathoms water. On 
Thursday, the 18th, fresh gales from W.S.W. 5. a.m. 
weighed anchor and steamed for Portsmouth ; wind dead 
on end. 4. p. m. made the Owers Light ; hazy weather. 
9. p. M. very heavy gales and thick weather. Asked the 
engineer what coals he had on board, and was told five 
hours ; were then obliged to steam in for the land. At 
10 made the Nab Light upon the starboard quarter, about 
a quarter of a mile ; shortened steam for the Meteor to 
come up. At 11 anchored at St. Helen's, in six fathoms 
water, with forty fathom cable ; hard gale. On the 19th, 
3. 30. A. M. weighed anchor and ran into Portsmouth 
harbour; made fast to one of the buoys along-side His 
Majesty's ship the Queen Charlotte ; were then employed 
in getting coals in, and very bad they were. At 4. 20. got 
under weigh and steamed out of the harbour, and at 9 
passed through the Needles against a flood tide. This day 
was fine weather, and light aii» from the N. W. At 1. 30. 
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P. Bf • anchored in Falmouth harbour, and remained a week 
to clean the boilers, to caulk the decks, and so on. Sailed 
from Falmouth the 26thy wind N. W. fresh gales. At 5.90. 
past the Longships Lights. At 9 in a squall, ipritk heavy 
rain, the wind shifted to the N. N. E. blowing very heavy 
and a heavy sea, the vessels going from three knots to 
three and a half, head to wind, blowing hard. At 7 
made Lundy Island, bearing £. by S. passed several 
vessels lying to; passed a large smack, lying to, under 
close reefed mainsail. At 8 made sail upon the vessels; 
stood more to the southward into the Bristol Channel, to 
smoothen the water. At noon more moderate; water 
smoother ; down all sails and steamed for Milford. At 5 
anchored in Mil ford, found several vessels had been out in 
the gale and obliged to put back; the vessels that bad 
been put back, bound to Liverpool, said they had never 
experienced worse weather before for many years. On 
Sundiiy evening, the wind more moderate, and from N. 
to N. E. At 8 p. M. got under weigh. On Monday, at 4 
p. M. arrived at Holyhead. Had been five days perform- 
ing the voyage, with the wind right a^head down the 
English Channel and up the Irish. — Considered it im- 
possible for any square-rigged vessel, from a first-rate 
down to a sloop of war, to have effected the same. In the 
Downs passed several Indiamen, and 150 sail there that 
could not move down Channel, and at the back of Dun^ 
geness passed 120 more. Witness would describe to the 
conuuittee the exact improvement he would recommend 
as to the construction of a new steam vessel. — Should 
make her a foot narrower, and raise her floor-head as little, 
take off the roundings, with her engines put nearer the 
centre, the boilers much lower, and the wheels narrower. 
Had observed in vessels with wide wheels, the lee wheel 
was a groat deal under the water, and the other out ; by 
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the width of them it increased the angle ^ and although a 
wide wheel was of great advantage in a river, it was a 
great disadvantage in a sea: supposing there were two 
forty-horse power engines, would not have more than a 
seven-feet wheel; and if there were two thirty-horse 
power, six and a half would be sufficient. On board the 
Meteor and Sovereign, to prevent accidents from fire, there 
is water all round the furnaces and boilers, and they are 
kept three feet from the bottom, about fifteen inches from 
the side, and twelve inches from the deck; and it was 
quite impossible that any accident could happen ; there is 
water imder and on the sides of the fire places r in those 
boats that are fitted up u^on the Clyde there is nothing 
but brick and mortar below the furnaces. The Meteor 
and Sovereign have iron. 

Captain William Rogers, again called in, and further 
examined. In the event of building a new steam packet, 
would recommend that she should be built on Sir Robert 
Sepping's plan, as to mode of fastening, &c. only a little 
finer at each end, and one foot narrower than the Sovereign 
and Meteor, to be 95 feet in the keel, 105 or JOG upon 
deck, and 19 feet in the beam, about 180 tons, her tran« 
somes square, and not very high out of the water The 
improvements in the engine would be to make them a little 
stronger, and the boilers a little longer, keeping them 
more from the side of the vessel, so that the heat might 
not affect her, and more room to go round them, and to 
put the boilers lower down. It would help to prevent 
their rolling. The Talbot's boilers are a little higher than 
the Ivanhoe's; by putting the Ivanhoe's lower down, 
found she did not roll near as much. Would have the 
two main beams put close to the wheel, which would re- 
duce the weight very much, and strengthen and make the 
vessel much easier, as by being so far asunder adds great 
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weight, and acts as a lever. There should be twelve 
paddles, about seven feet long, and nineteen to twenty-one 
inches wide. The engine should be something between 
sixty and eighty-horse power, but this must depend upon 
the fineness of the vessel, and the water she will draw. If 
the engine was to be made much stronger, in that case 
must not go further than two thirty-horse power engines, 
as then the weight might be too much. Should recom- 
mend, with regard to the sails, a large lug forward, and a 
jib, and a fore and aft mainsail ; and in case any thing 
should happen to the engine, would keep a square topsafl 
on board, and a gaff topsail aft, but not to be used except 
in case of necessity. 

Mr. James Brown, called in, and examined. Belonged 
to the house of Boulton and Watt. Superintended the 
erection of the engines on board the Meteor and SoTere^ \ 
steam packets. Generally considered the workings parta^ | 
the cross bars, the side rods, and the side beams most ^ 
liable to fail. Attributed the cross bars having broken on 
board these vessels, in some instances, to want of cantwn 
on the part of the engineer, and in other cases from 
of weather ; they were now made of wrought iron for 
vessels. Had put engines into most of the vessels on the 
river Thames, the Dover station, and Leith. Upon the 
Leith station one or two cross bars had broken, and that 
was entirely from want of caution on the part of the engi- 
neer in starting the engine; the other vessels were the 
Dasher and Arrow, on the Dover station ; there was one 
accident of a cross bar breaking in the Dasher. Did not 
conceive that an engine could be made without being 
liable to break ; there were some parts so small that they 
must give way, and it was better the most insignificant 
pai*ts should fail, than some of the principal ones, because 
they were easier repaired. Would require more room than 
was granted in the Sovereign and Meteor, as it would be 
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better to get round the boilers entirely ; they could then 
be .painted every month, Tjrhich woiild be a great ad- 
vantage, for the action of the saltwater is very detrimental 
to the iron ; they ought to bfe painted every three weeks, 
or every month ; where a boiler will not leak with fresh 
water, it will with salt water ; and it forms an incrusta^ 
tionupon the surface by exposure to the atmosphere ; they 
should be pumped out, and frequently cleaned. Should 
think the engineer generally looked over his engine eveiy 
morning before he started, to see that every part was pro- 
perly oiled, and that every screw and joint was tight. If 
so inspected, once a fortnight would be sufficient to exa- 
mine the packings of the slides and pistons. Would make 
the paddles for a new engine the same as for the Leith ves- 
sels ; they are made with wooden floats, in one piece, hav- 
ing three sets of arms, and the bolts are of a peculiar deSi^ 
cription, which allows the paddles to slip from the outer 
end of the arm towards the centre of the shaft, by which 
means a vessel niay use her sails the same as any other ves- 
sel ; should any thing give way, there would be nothing 
but the arms in the water. That sort of excessive violence 
which may contribute to injure and break the engine, may 
be occasioned by any of the working parts getting loose, 
any of the screws getting between the finer parts, or the 
water getting upon the top of the piston in starting the 
engine, the latter of which is occasioned by the condensed 
steam that forms from the boilers after the passage is over ; 
it gets through the steam pipe to the cylinder and con- 
denses there, perhaps to the depth of 18 inches on the top 
of the piston, and if the engine is started suddenly without 
it being cleared away, it has not time to get through the 
thoroughfares. The consequence is, that it is jammed 
between the top of the piston and the under side of. the 
cylinder cover, and risks the breakage of some part; as 
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water will not compress, something must give way, and 
the weaker parts of course will go first. Hardly thought 
it possible that fire could take place without great negli- 
gence, because the furnaces were completely surrounded 
with five inches of water round every part, and it was only 
in raking out the fire, and neglecting to water it, that any 
accident could take place ; it was raked out upon an iron 
floor. No rolling of the vessel could throw the fire about, 
she must be pitching to a great degree if that mras to take 
place. The coals are carried in boxes in front of the 
boilers, so as to be right and left for the fireman. Hardly 
conceived on board these vessels, where condensing^ enginea 
were used, that it was possible that a boiler could borst; 
they were generally provided with two safety-valves, and 
the steam used was about from two and a half to three 
pounds pressure upon a square inch, at which pressnie it 
blew off by the safety-valve of its own accord.—- Boulton 
and Watt had made their safety-valves for many years in 
the way they now are, inaccessible for any person to load 
them by putting additional weight upon them ; had seen 
the Scotch engine men, in starting their engines, pkce 
their feet upon the safety-valve. Supposing that the 
safety-valves should get choked, the steam would come off 
at the feed pipes ; it would not give way under any cir- 
cumstance, not even though the valves were choked, the 
pressure was so extremely small : the boilers were calcu- 
lated to sustain 50 times the pressure required of thtoi.— If 
any part of the boiler, by length of use, became very thin, 
and gave way, it would merely rend, if mailable iron. 
The accidents that happened from boilers, sometime agx^ 
arose from their being made on the high-pressure princi- 
ple, and being made of cast iron. The Meteor consumed 
about seven bushels of coals per hour, rather under ; she 
was then working above her full speed ; the Sovereign was 
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from nine and a quarter to nine and a half; the Meteor 
had two thirty-horse engines, and the Sovereign two forty- 
horse engines ; the latter, when using that quantity of coal, 
was going al)out nine miles and three-quarters per hour. 
A bushel of good Newcastle coal was reckoned equal to 
one hundred weight of Scotch coal ; so that it came to 
very nearly the same thing; the Scotch coal generally 
burnt very free, and so did the Staffordshire, but the 
bushel of Newcastle coal was equal to a hundred weight 
of either. The standard bushel of Newcastle coals should 
weigh eighty-eight pounds ; the best Wall's End, eighty ; 
and the Wylam, seventy-seven. Had found, that by 
actual weight, the specific gravity of the Wylam coal was 
much under that of the Wall's End ; the latter was not 
good for working engines. The best coal for steam en- 
gines was the Halbeath or Inverkeithing, from a place in 
Fife called Inverkeithing ; its peculiar value lay in burn- 
ing free, and becoming a complete white ash, without 
caking upon the fire bars; the sulphur in coals would 
destroy the fire bars in a short time. Had found incon- 
venience from salt forming in the boilers ; when the man- 
hole cover was taken off, and they were exposed to the 
atmosphere, the water then became crystallized, which 
rendered them very difficult to clean; this had been 
avoided by constructing pumps or cocks to let the water 
through the side of the ship without the man-hole being 
opened. The salt water oxidates iron very rapidly in- 
deed, if it be allowed to lie upon it. On board a steam 
vessel a boiler constantly in use would last from four to 
five years with care ; it was the only part of the machinery 
subject to decay. These engines, upon the whole, require 
a considerable degree of care and superintendence, and 
skilful engineers; more care than the land engines: every 
engine requires great care. 



288 

Captain John Percy, called in, and examined. Com« 
manded the Hero steam packet, from London to Margate ; 
and the Victory, belonging to the same company ; com- 
manded the Victory for three years ; the Hero was built 
last year. The Hero has two engines of fifty-horse power, 
made by Murray and Fenton, of Leeds, and carries 427 
tons. The Hero consumes pretty well three quarters of a 
chaldron, or twenty-seven bushels of coals, London mea- 
sure, per hour; in general, they make away with six 
chaldrons in the passage, that was owing to the want of 
flues; had not flues enough; had four furnaces. The 
distance from London to Margate was about eighty-four 
miles : generally made the passage in about seyen hours 
and a half, that was the average passage; one passage 
was made in six hours and sixteen minutes, with the 
wind and tide. The paddles were eight feet in the centre* 
Had been trying an experiment with twelves paddles on a 
wheel, and it answered very well ; last summer worked 
with sixteen paddles, three feet and a half between each* 
The paddle of the Victory was five feet and a half, in one 
place; the Hero worked more with the paddles being 
further apart, and they were lowered a little. They take 
hold of the water about seventeen or eighteen inches, and 
the engine makes thirty strokes per minute. She once did 
up to thirty-one, but twenty-nine and thirty is about the 
average. — The passage from London to Margate required, 
on an average, about seven hours and a half, and they 
went at the rate of between eleven and twelve miles per 
hour. 



REPORT. 

The Select Committee appointed to inquire into the state of Uie 
roads from London to Holyhead, and from Chester to Holy- 
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head ; into the regulations for conveying his Majesty's Mails 
between London and Dublin, and between the Northern Parts 
of England and Dublin, and between Dublin and the interior 
of Ireland ; and into the state of the Mail-Coach Roads in 
Ireland ; and to report their observations thereupon ; to- 
gether with the Minutes of the Evidence taken before them, 
from time to time, to the House ; have, pursuant to the order 
of the House, further examined the Matters to them referred, 
and have agreed to the following Report : 

Your Committee have proceeded, in compliance with that 
part of the instructions of the House which relates to the 
conveyance of his Majesty's Mails between Holyhead and 
Howth, to examine into the circumstances attending the 
establishing of Steam-Packets at Holyhead, in the course 
of last year. For this purpose two vessels, called the Royal 
Sovereign and Meteor, were built by order of the Post- 
masters General, in the River Thames, on a plan to give 
to them the greatest possible strength, and the advantage 
of the most improved engines. The evidence which has 
been given to your Committee by a Commander of one of 
them, Captain Rogers, leaves no doubt of the practicability 
of performing the Post-office service at Holyhead by 
Steam- Vessels, with as great safety as it can be performed 
by Sailing Vessels, even in the most tempestuous weather ; 
and at the same time by voyages, on an average, not ex- 
ceeding one-half of the number of hours which formerly 
was the average of the voyages of the Sailing Packets. 
But your Committee are not as yet prepared to enter into 
all the details of this important subject ; their object in 
presenting this Report to the House, is merely to convey 
to the House an opinion they have came to, in consequence 
of the evidence of Mr. George Henry Freeling, and of 
Captain Rogers, that the Postmasters Genel'al ought im- 
mediately to give orders for building a new Steam-Packet, 

u 
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so that at least there should be three Packets on the 
Holyhead Station, before the commencement of the next 
winter, of that peculiar construction which has enabled the 
Sovereign and Meteor to go to sea throughout the whole 
of the last winter. 

Your Committee strongly recommend the same general 
plan of construction should be adopted in building a new 
Packet as that on which the Sovereign and Meteor were 
built; and also, that the engine should be made by 
Messrs. Boulton and Watt. They also recommend that 
the su^estions of Captain Rogers should be attended to 
in all matters respecting the building of a new Packet, as 
those suggestions will come from a person who appears to 
your Committee to possess great knowledge in seamanship 
and ship-building, and, by the experience of commanding 
a steam-vessel through a most tempestuous winter, to have 
made himself master of the best method of managing one 
at sea, and also of all the main properties of the mechanism 
of the engine. 

Your Committee have annexed to this Report the evi- 
dence of Mr. George Henry Freeling, Captain Rogers, 
Mr. J. Brown, and Captain John Percy, and also certain 
Queries which they have sent to several persons who have 
had the most experience in constructing and navigating 
steam-vessels. They intend to continue their inquiries 
upon this interesting subject, and hope to present to the 
House a foil Report upon all its details before the close of 
the Session. 
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Report of a Select Committee of the House of Commons^ 

appointed to inquire intOy and to report upon, the 

proportionate Tolls which ought to be imposed upon 

Coaches and other vehicles propelled by Steam or Gas 

upon Turnpike Roads^ Sfc. 

" np 

X HE Committee proceeded in the first instance to 
inquire how far the science of propelling carriages on com- 
mon roads, by means of steam or mechanical power, had 
been carried into practical operation ; and whether the 
result of the experiments already made had been suffi- 
ciently fayourable to justify their recommending to the 
House that protection should be extended to this mode of 
conveyance, should the tolls imposed on steam-carriages, 
by local Acts of Parliament, be found prohibitory or ex- 
cessive. 

*' In the progress of their inquiry they have extended 
their examination to the following points, on which the 
chief objections to this application of steam have been 
founded : viz. the insecurity of carriages so propelled, from 
the chance of explosion of the boiler, and the annoyance 
caused to travellers on public roads, by the peculiar noise 
of the machinery, and by the escape of smoke and waste 
steam, which were supposed to be inseparable accompani- 
ments. 
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'^ It being also in charge to the Committee ' to report 
upon the proportion of tolls which should be imposed upon 
steam-carriages/ they have examined several proprietors 
of those already in use, as to the effect produced on the 
surface of roads by the action of the propelling wheels. 

" As this was too important a branch of their inquiry to 
rest entirely on the evidence of individuals whose personal 
interest might have biassed their opinions, the Committee 
also examined several very scientific engineers, by whose 
observations on the causes of the ordinary wear of roads 
they have been greatly assisted. 

" The Committee were directed also to report • on the 
probable utility which the public may derive from the use 
of steam-carriages.' On this point they have examined a 
member of the Committee, well known for his intelligence 
and research on subjects connected with the interests of 
society, and they feel that they cannot fulfil this part of 
their instructions better than by merely referring the 
House to the evidence of Colonel Torrens. 

*' These inquiries have led the Committee to believe that 
the substitution of inanimate for animal power, in draught 
on common roads, is one of the most important improve- 
ments in the means of internal communication ever intro- 
duced. Its practicability they consider to have been fiilly 
established ; its general adoption will take place more or 
less rapidly, in proportion as the attention of scientific men 
shall be drawn by public encouragement to further im- 
provement. 

" Many circumstances, however, must retard the general 
introduction of steam as a substitute for horse-power on 
roads. One very formidable obstacle will arise from the 
prejudices which always beset a new invention, especially 
one which will at first appear detrimental to the interests 
of so many individuals. This difficulty can only be sup- 
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mounted by a long course of successful, though probably 
unprofitable, experiment. The great expense of the en- 
gines must retard the progress of such experiments. The 
projectors will, for a long period, work with caution, fear- 
ing not only the expense incurred by failure, but also that 
too sudden an exposure of their success would attract the 
attention of rivals. It is difficult to exemplify to the House 
how small and apparently unimportant an adaptation of 
the parts of the machinery, or of the mode of generating or 
applying the steam, may be the cause of the most rapid 
success ; yet he who by a long course of experiment shall 
have first reached this point, may be unable to conceal the 
improvement, and others will at once reap the benefit of it. 
" The Committee are convinced that the real merits of 
this invention are such, that it may be safely left to con- 
tend with these and similar difficulties ; there are others, 
however, from which the Legislature can alone relieve it. 
Tolls to an amount which would utterly prohibit the intro- 
duction of steam-carriages, have been imposed on some 
roads ; on others, the trustees have adopted modes of ap- 
portioning the charge which would be found, if not abso- 
lutely prohibitory, at least to place such carriages in a very 
unfair position as compared with ordinary coaches. 

" Two causes may be assigned for the imposition of such 
excessive tolls upon steam-carriages. The first, a deter- 
mination on the part of the trustees, to obstruct, as much 
as possible, the use of steam, as a propelling power ; the 
second, and probably the more frequent, has been a mis- 
apprehension of their weight and effect on roads. Either 
cause appears to the Committee a sufficient justification 
for their recommending to the House, that legislative pro- 
tection should be extended to steam-carriages, with the 
least possible delay. 

" It appears from the evidence that the first extensive 
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trial of steam as an agent in draught on common roads, 
was that by Mr. Gumey, in 1829, who travelled from 
London to Bath and back, in his steam-carriage. He 
states, that although a part of the machinery which brings 
both the propelling-wheels into action, when the full power 
of the engine is required, was broken at the onset, yet that 
on his return he performed the last eighty-four miles, from 
Melksham to Cranford Bridge, in ten hours, including 
stoppages. Mr. Gumey has given to the Committee very 
full details of the form and power of his engine, which will 
be found in the evidence. 

^' The Committee have also examined Messrs. Summers 
and Ogle, Mr. Hancock, and Mr. Stone, whose steam- 
carriages have been in daily use for some months past on 
common roads. It is very satisfactory to find, that although 
the boilers of the several engines described vary most 
materially in form, yet that each has been found fully to 
answer the expectation of its inventor. So well, in fact, 
have their experiments succeeded, that in each case where 
the proprietors have ceased to use them, it has only been 
for the purpose of constructing more perfect carriages, in 
order to engage more extensively in the business. 

" When we consider that these trials have been made 
under the most unfavourable circumstances — at great ex- 
pense — in total uncertainty — without any of those guides 
which experience has given to other branches of engineer- 
ing—that those engaged in making them are persons 
looking solely to their own interest, and not theorists, 
attempting the perfection of ingenious models — when we 
find them convinced, after long experience, that they are 
introducing such a mode of conveyance as shall tempt the 
public, by its superior advantages, from the use of the 
admirable lines of coaches which have been generally 
established — it surely cannot be contended that the in- 
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troduction of steam-carriages on common roads is, as 
yet, an uncer^in experiment, unworthy of legislative 
attention. 

*f Besides the carriages already described, Mr. Grumey 
has been informed that from ^ twenty to forty others are 
being built by different persons, all of which have been 
occasioned by. his decided journey in 1829.' 

" The Committee have great pleasure in drawing the 
attention of the House to the evidence of Mr. Farey. His 
opinions are the more valuable, from his uniting, in so 
great a degree, scientific knowledge to a practical acquaint- 
ance with the subject under consideration. He states that 
he has ^ no doubt whatever but that a steady perseverance 
in such trials will lead to the general adoption of steam- 
carriages : ' and again, ^ that what has been done proves 
to his satisfaction the practicability of impelling stage- 
coaches (by steam) on good common roads, in tolerably 
level parts of the country, without horses, at a speed of 
eight or ten miles per hour.' 

^^ Much, of course, must remain to be done in improv- 
ing their efficiency; yet Mr. Gumey states, that he has 
kept up steadily the rate of twelve miles per hour ; that 
* the extreme rate at which he has run is between twenty 
and thirty miles per hour.' 

" Mr. Hancock * reckons that with his carriage he could 
keep up a speed often miles per hour, without injury to 
the machine.' 

*' Mr. Ogle states, * That his experimental carriage went 
from London to Southampton, in some places, at a velocity 
of from thirty-two to thirty-five miles per hour.* 

" ' That they have ascended a hill rising one in six, at 
sixteen and a half miles per hour, and four miles of the 
London road, at the rate of twenty-four miles and a half 
per hour, loaded with people.' 
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. " ^ That his engine is capable of carrying three tons 
weight, in addition to its own/ 

" Mr. Summers adds, ' That they have travelled in the 
carriage at the rate of fifteen miles per hour, with nineteen 
persons on the carriage, up a hill one in twelve.' - 

" ' That he has continued for four hours and a half to 
travel at the rate of thirty miles per hour.' 

" ' That he has found no difficulty of travelling over 
the worst and most hilly roads.' 

^' Mr. James Stone states, that ^ thirty -six persons have 
been carried on one steam-carriage.' 

" * That the engine drew five times its own weight 
nearly, at the rate of from five to six miles per hour, 
partly up an inclination.' 

** The several witnesses have estimated the probable 
saving of expense to the public, from the substitution of 
steam-power for that of horses, at from one-half to two- 
thirds. Mr. Farey gives as his opinion, ^ That steam- 
coaches will very soon, after their first establishment, be 
run for one-third of the cost of the present stage-coaches.' 

" Perhaps one of the principal advantages resulting from 
the use of steam will be, that it may be employed as 
cheaply at a quick as at a slow rate ; ^ this is one of the 
advantages over horse -labour, which becomes more and 
more expensive as the speed is increased. There is every 
reason to expect, that in the end the rate of travelling by 
steam will be much quicker than the utmost speed of 
travelling by horses ; in short, the safety to travellers will 
become the limit to speed.* In horse-draught the opposite 
result takes place: * in all cases horses lose power of 
draught in a much greater proportion than they gain 
speed ; and hence the work they do becomes more expen- 
sive as they go quicker.' On this, and other points referred 
to in the report, the Committee have great pleasure in 
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drawing the attention of the House to the valuable evi- 
dence of Mr. Davies Gilbert. 

'* Without increase of cost, then, we shall obtain a 
power which will insure a rapidity of internal communi- 
cation far beyond the utmost speed of horses in draught ; 
and although the performance of these carriages may not 
have hitherto attained this point, when once it has been 
established, that at equal speed we can use steam more 
cheaply in draught than horses, we may fairly anticipate 
that every day's increased experience in the management 
of the engines will induce greater skill, greater confidence, 
and greater speed. 

'* The cheapness of the conveyance will probably be for 
some time a secondary consiiieration. If at present it can 
be used as cheaply as horse-power, the competition with 
the former modes of conveyance will first take place as to 
speed. When once the superiority of steam-carriages shall 
have been fully established, competition will induce econo- 
my in the cost of working them. The evidence, however, 
of Mr. M'Neil, shewing the greater efficiency with dimin- 
ished expenditure of fuel by locomotive engines on railways, 
convinces the Committee that experience will soon teach a 
better construction of the engines, and a less costly mode 
of generating the requisite supply of steam. 

" Nor are the advantages of steam-power confined to 
the greater velocity attained, or to its greater cheapness 
than horse-draught. In the latter, danger is increased, in 
as large a proportion as expense, by greater speed. In 
steam-power, on the contrary, * there is no danger of being 
run away with, and that of being overturned is greatly di- 
minished. It is difficult to control four such horses as can 
draw a heavy carriage ten miles per hour, in case they are 
frightened, or choose to run away; and for quick travelling 
they must be kept in that state of courage, that they are 
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always inclined for running away, particularly down hills, 
and at sharp turns of the road. In steam, however, there 
is little corresponding danger, being perfectly controllable, 
and capable of exerting its power in reverse in going down 
hills.' Every witness examined has given the fullest and 
most satisfactory evidence of the perfect control which the 
conductor has over the movement of the carriage. With 
the slightest exertion it can be stopped or turned, under 
circumstances where horses would be totally unmanage- 
able. 

^' The Committee have throughout their examinations 
been most anxious to ascertain whether the apprehension, 
very commonly entertained, that an extensive use of these 
carriages on roads would be the cause of frequent accidents 
and continued annoyance to the public, were well founded. 

^^ The danger arising from the use of steam-carriages 
was stated to be two-fold ; — that to which passengers are 
exposed from explosion of the boiler, and the breaking of 
the machinery, and the effect produced on horses by the 
noise and appearance of the engine. 

'^ Steam has been applied as a power in draught in two 
ways ; in the one, both passengers and engine are placed 
on the same carriage ; in the other, the engine-carriage is 
merely used to draw the carriage in which the load is con- 
veyed. In either case, the probability of danger from 
explosion has been rendered infinitely small, from the judi- 
cious construction of boiler which has been adopted. 

^^ These boilers expose a very considerable surface to the 
fire, and steam is generated with the greatest rapidity. 
From their peculiar form, the requisite supply of steam 
depends on its continued and rapid formation ; no large 
and dangerous quantity can at any time be collected. 
Should the safety-valve be stopped, and the supply of 
steam be kept up in greater abundance than the engines 
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require, explosion may take place, but the danger would 
be comparatively trifling, from the small quantity of steam 
which would act on any one portion of the boilers. As an 
engine invented by Mr. Trevithick has not been as yet 
applied to carriages, the Committee can do no more than 
draw the attention of the House to the ingenuity of its con- 
trivance. Should it in practice be found to answer his 
expectation, it will remove entirely all danger from ex- 
plosion. In each of the carriages described to the Com* 
mittee, the boilers have been proved to a considerably 
greater pressure than they can ever have to sustain. 

'' Mr. Farey considers that * the danger of explosion is 
less than the danger attendant on the use of horses in 
draught ; that the danger in these boilers is less than in 
those employed on the rail-way, although there even the 
instances of explosion have been very rare.' The danger 
arising to passengers from the breaking of the machinery 
needs scarcely to be taken into consideration ; it is a mere 
question of delay, and can scarcely exceed in frequency the 
casualties which may occur with horses. 

" It has been frequently urged against these carriages, 
that, wherever they shall be introduced, they must effectu- 
ally prevent all other travelling on the road, as no horse 
will bear quietly the noise and smoke of the engine. 

^^ The Committee believe that these statements are un- 
founded. Whatever noise may be complained of, arises 
from the present defective construction of the machinery, 
and will be corrected as the makers of such carriages gain 
greater experience. Admitting even that the present en- 
gines do work with some noise, the effect on horses has 
been greatly exaggerated. All the witnesses accustomed 
to travel in these carriages, even on the crowded roads 
adjacent to the metropolis, have stated, that horses are 
very seldom frightened in passing. Mr. Farey and Mr. 
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McNeil have given even more favourable evidence, in 
respect to the little annoyance they create. 

" No smoke need arise from such engines. Coke* is 
usually burned in locomotive engines on railways to obvi- 
ate this annoyance ; and those steam- carriages which have 
been hitherto established also bum it. Their liability to 
be indicted as nuisances will sufficiently check their using 
any oflFensive fuel. 

** There is no reason to fear that waste steam will cause 
much annoyance. In Mr. Hancock's engine, it passes into 
the fire ; and in other locomotive engines it is used in aid 
of the power, by creating a quicker draught, and more 
rapid combustion of the fuel. In Mr. Trevithick's engine 
it will be returned into the boiler. 

" The Committee, not having received evidence that 
gas has been practically employed in propelling carriages 
on common roads, have not considered it expedient to 
inquire as to the progress made by several very scientific 
persons, who are engaged in making experiments on gases, 
with the view of procuring a still cheaper and more effi- 
cient power than steam. 

" The Committee having satisfied themselves that steam 
has been successfully adopted as a substitute for horse- 
power on roads, proceeded to examine whether tolls have 
been imposed on carriages thus propelled so excessive as 
to require legislative interference ; and also to consider the 
rate of tolls by which steam-carriages should be brought to 
contribute, in fair proportion with other carriages, to the 
maintenance of the roads on which they may be used. 

*' They have annexed a list of those local Acts in which 
tolls have been placed on steam, or mechanically-propelled 
carriages. 

" Mr. Gurney has given the following specimens of the 
oppressive rates of tolls adopted in several of these Acts. 
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On the Liverpool and Prescot road, Mr. Gurney's carriage 
would be charged 21. 8s. ^ while a loaded stage-coach 
would pay only 4^. On the Bathgate road, the same 
carriage would be charged IZ. 7^. Id., while a coach drawn 
by four horses would pay 6^. On the Ashbumham and 
Totness road, Mr. Gurney would have to pay 2Z., while a 
coach drawn by four horses would be charged only Ss. 
On the Teignmouth and Dawlish roads, the proportion is 
1 2s, to 2s, 

^' Such exorbitant tolls on steam-carriages can only be 
justified on the following grounds : — 

" First, because the number of passengers conveyed on, 
or by, a steam-carriage, will be so great as to ^^Q^ii^ish 
(at least to the extent of the difference of the rate of toll) 
the total number of carriages used on the road ; or, 
secondly, because steam-carriages induce additional ex- 
pense in the repairs of the road. 

" The Committee see no reason to suppose that, for the 
present, the substitution of steam-carriages, conveying a 
greater number of persons than common coaches, will take 
place to any very material extent; and as to the second 
cause of increased charge, the trustees, in framing their 
tolls, have probably not minutely calculated the amount 
of injury to roads likely to arise from them. 

" The Committee are of opinion, that the only ground 
on which a fair claim to toll can be made, on any public 
road, is to raise a fund, which, with the strictest economy, 
shall be just sufficient, first, to repay the expense of its 
original formation ; secondly, to maintain it in good and 
sufficient repair. 

'^ Although the Committee anticipate that the time is 
not far distant when, in framing a scheme of toll for 
steam-carriages, their general adoption, and the great 
number of passengers which will be conveyed on a small 
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number of yehicleSy will render it necessary, not only to 
consider the amount of injury actually done to the road, 
but also the amount of debt which may have been incurred 
for its formation or maintenance ; yet at present they feel 
justified, by the limited number of such carriages, and by 
the great difficulties they will have to encounter, in recom- 
mending to the House, that, in adopting a system of toll, 
the proportion of * wear and tear ' of roads by steam, as 
compared with other carriages, should alone be taken into 
consideration. 

'^ Unless an experiment were instituted on two roads, 
the one reserved solely for the use of steam-coaches, the 
other for carriages drawn by horses, for the purpose of 
ascertaining accurately the relative wear of each, it would 
be quite impossible to fix, with certainty, the proportion of 
tolls to which, on the same road, each class of vehicles 
should be liable. To approximate, however, as nearly as 
possible to the standard of relative wear, the Committee 
have compared the weights of steam-carriages with those 
of loaded vans and stage-coaches. They have tried to 
ascertain the causes of the wear of roads ; also the pro- 
portion of injury done by the feet of horses, and the wheels 
of coaches ; how far that injury is increased by increased 
velocity ; and also in what degree the wear of roads by 
loaded carriages may be decreased by any particular form 
of wheel, 

" The Committee would direct the attention of the 
House especially to the evidence of Mr. M'Neil, whose 
observations on this branch of the subject, being founded 
on a long course of very accurate experiments, are pecu- 
liarly interesting and useful. He estimates that the feet 
of horses, drawing a fast-coach, are more injurious to the 
road than the wheels, in the proportion of three to one, 
nearly ; that this proportion will increase with the velo- 
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city ; that by increasing the breadth of the tires of the 
wheels^ the injury done to roads by great weights may be 
counteracted. He considers, that on a good road, one ton 
may be safely carried on each inch of width of tire of the 
wheels. 

" Mr. M'Adam and Mr. Telford have given corre- 
sponding evidence, as to the greater wear caused by 
horses' feet than by wheels of carriages. 

** Each of the above witnesses agrees, that^ adding the 
weight of the horses to that of the coach^ and comparing 
the injury done to a road by a steam-carriage of a weight 
equal to that of the coach and horses (the wheels being of 
a proper width of tire), the deterioration of the road will 
be much less by the steam-carriage than by the coach and 
horses. 

*^ As to the injury to roads which is anticipated from 
the ' slipping' of the wheels, it may safely be left to the 
proprietors to correct : the action of the wheel slipping 
involves a waste of power, and an useless expenditure of 
fuel, which, for their own sakes, they will avoid. 

^' Apprehensions have also been entertained, that although 
the peculiar action of the wheels may not be injurious, yet 
that, from the great power which may be applied, if the 
steam were worked at very high pressure, or if the size of 
the engine were increased, greater weight might be carried 
than the strength of the road could bear. 

'* Undoubtedly, in proportion to the advance of the 
science will be the increase of weight drawn by an engine 
with a given expenditure of fuel ; but there are many 
practical difficulties to be surmounted before the weight 
so drawn can reach the point when it would be destructive 
of roads. There are no theoretical reasons against the 
extension of the size of the engines. The difficulties, ac- 
cording to Mr. Gumey, are of a practical nature, and 
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only in the ' difficulty of management of a large engine/ 
In proportion as we augment the power of the engines, 
we must increase their strength, and consequently their 
weight ; the greater weight will be a material diminution 
of their efficiency. To a certain extent, the power may be 
increased in a greater ratio than the weight; but, with 
our limited knowledge of the application of steam, and 
with the present formation of the public roads, the point 
will be very soon attained, when the advantage of increased 
power will be counterbalanced by the difficulties attendant 
on the increased weight of thp engines. 

" The weight of the steam-carriages at present in use 
varies from 63 to 80 cwt. ; but it must be recollected that 
they are mere models ; they were made with attention to 
strength only, to bear the uncertain strain to which they 
would be exposed in the course of experiments, and a very 
considerable diminution of weight may be anticipated. 

" The weight drawn, at the rate of ten miles per hour, 
by Mr. Gurney's engine, has not, on any extent of road, 
exceeded the weight of the drawing-carriage ; nor is it 
likely, with the difficulties to be encountered on the present 
lines of road, from their quality and the numerous ascents, 
that the weight drawn will be in excess of the strength of 
the roads. The immense quantity of spare power required 
to surmount the diflTerent degrees of resistance likely to 
occur, would render the engine too unmanageable. This 
will appear evident from the force of traction required to 
draw a wagon over the Holyhead and Shrewsbury road, 
which varied from 40 to upwards of 300 lbs. 

" In considering the eflFect on roads, we must not over- 
look one peculiarity, in which they have a great advantage 
over other carriages. In coaches drawn by horses, the 
power being without the machine to be moved, it becomes 
an object of the greatest importance to give as much effect 
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as possible to the power, by diminishing the resistance 
arising from the friction of the wheels upon the surface of 
the road. For this purpose, the proprietors of coaches 
and wagons have adopted every possible contrivance, so 
to reduce the tires of their wheels that a very small por- 
tion of them may press on the road : in some coaches they 
are made circular in their cross section, so that the entire 
weight of the carriage presses on a mere point ; should the 
materials be soft, such wheels cut their way into the road 
like a sharp instrument. The owners of wagons, too, have 
adopted a similar plan. Mr. M'Neil states, that the actual 
bearing part of the tire of apparently broad-wheel wagons 
is reduced to three inches, by the contrivance of one band 
of the tire projecting beyond the others. 

*^ With steam, on the contrary, a certain amount of 
adhesion to the roads is required to give eflFect to the 
action of the machinery, or the wheels would slip round, 
and make no progress. It appears of little importance, 
therefore, so far as relates to the engine, whether the re- 
quisite amount of friction be spread over a broad surface 
of tire, or be concentrated to a small point; but as the 
wheels, by being too narrow, would have a tendency to 
bury themselves in every soft or newly-made road, and 
thus raise a perpetual resistance to their own progress, it 
actually becomes an advantage to adopt that form which 
is least injurious to the road. The proprietors who have 
been examined on this point seem to be quite indifferent 
as to the breadth of tire they may be required to use. 

" These considerations have convinced the Committee, 
that the tolls enforced on steam-carriages have, in general, 
far exceeded the rate which their injuriousness to roads, in 
comparison with other carriages, would warrant. They 
have found, however, considerable difficulty in framing 



306 

a scale of tolls applicable to all roads^ in lieu of those 
authorised by several local acts. 

*' With this view, they have carefully examined the 
various modes of imposing toll, either suggested by the 
witnesses, or already adopted. 
*' They are as follow : — 

" 1. To place a toll proportioned to the weight of the 

carriage and load. 
" 2. On the number of passengers. 
" 3. On the horse-power of the engine. 
" 4. On the number of wheels. 
*' 6. An unvarying toll. 
^* Each of these plans seems liable to serious objections, 
which the Committee beg to submit to the House. 

" No plan of toll has been more frequently recom- 
mended than that of a charge in proportion to the weight 
of the engine and load. As this is the most plausible, and 
(if it could be levied without other disadvantages) would 
probably be the fairest standard, the Committee have con- 
sidered it right to state, at some length, their reasons for 
not recommending its adoption. 

" If weight be taken as the standard, the toll must be 
a fixed charge, either upon the weight of the engine and 
carriage, without reference to the load ; or, upon an 
estimated average of the load carried ; or, a fluctuating 
charge, according to the weight at. the several periods 
of a journey. 

" The first would be at least free from the uncertainty 
of the other two, and therefore would be preferable ; but 
what scale of charge per cwt. could the Committee recom- 
mend as applicable to all roads ? Their toll should vary 
according to every difierent rate of charge on carriages; 
besides, it would appear to the trustee^ very unjust to 
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exclude the consideration of that which would be deemed 
the most material cause of the wear of their roads^ viz. 
the load. 

" A fluctuating charge on weight would be most in- 
jurious to a carriage which will mainly depend for suc- 
cess on its speed : constant altercations would take place 
between the toll-collectors and proprietors ; a minute cal- 
culation would be required at every turnpike-gate; in 
fact, unless an accountant were placed at each, the Com- 
mittee cannot conceive how the proportions could be satis- 
factorily arranged ; nor would there be any desire, on the 
part of the toll-collector, to shorten the delay occasioned 
by these interruptions. 

*' Mr. Gumey has delivered in a scale of tolls, graduated 
according to weight and width of tire of the wheel. As 
this has been drawn up by a person interested in the suc- 
cess of steam-carriages^ it might have been expected to 
be more favourable to them. The Committee, however, 
have not adopted it, because of the difEculties and inter- 
ruptions which a fluctuating rate of toll would induce ; 
besides, this scale purports to be intended for a road where 
3d. is charged for a horse drawing, and Id. for a horse not 
drawing ; the scale would be inapplicable, therefore, when 
the charge was 2d. and Id., 3d. and l^<f., 4rf. and Irf., 
4d. and l^d., Sd. and so on. Again, what standard of 
weight, in relation to horse-coaches, could be adopted? 
The average weight of loaded coaches differs very much 
on different roads. It has been suggested, that a loaded 
coach, including the weight of four horses, would weigh 
on an average four tons, and that if 6d. per horse were 
chargeable to the coach, 6d. per ton should be placed on 
a steam-carriage ; this would be unjust, as vans, which 
frequently weigh upwards of six tons, would only pay 2^., 
and a steam-carriage would pay 3^. Even if the injury 
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done to the road by each were equal, this would be an 
unfair toll; but it will appear more evidently unjust if 
the greater proportionate injury done by the feet of horses 
drawing, than by the propelling wheels, be taken into 
consideration. 

" The object of every steam-coach proprietor will be to 
attain the greatest possible lightness of machinery and 
engine; because thereby he renders his power more effi- 
cient for the draught of the remunerating load. To place 
the toll on the weight of the engine would tend to induce 
him to decrease the strength of his boiler and machinery 
to an extent which might be dangerous to the passengers, 
and very detrimental to the success of steam-travelling, 
as the public will easily be led to believe, that accidents, 
really occuring from injudicious legislation, were inse- 
parable from the adoption of this power as an agent in 
propelling carriages. 

" The only fair plea for charging tolls on such carriages, 
in proportion to their weight, is to prevent a load being 
propelled or carried which would permanently injure the 
road ; within this limit it would be as injudicious to inter- 
fere with their progressive efficiency (which can only re- 
sult from improvements of the machinery and the system 
of generating and applying steam) as it would be to 
tax carriages drawn by large and well-bred horses, more 
heavily than such as were drawn by horses in worse con- 
dition, and of smaller size and power. 

" The roads at present have to sustain wagons weighing 
at times, with their horses, nearly ten tons ; it is in evi- 
dence, that the breadth of wheels required by various acts 
of Parliament is so easily evaded that it affi)rds no pro- 
tection to the road; there appears to the Committee no 
fair reason to suppose that steam-carriages approaching 
even to this weight will be used on any turnpike-road, nt 
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least for a very considerable period, during which the in- 
crease of weight will be gradual^ and will give ample 
warning to the legislature when it should interfere. 

" To charge a toll according to the number of passen- 
gers conveyed, is scarcely less objectionable. If a fluctu- 
ating toll be intended, it would be as inadmissible as to 
propose a similar mode of charging for fast coaches, 
and would be open to all the cavil and interruptions to 
which a fluctuating toll on weight would be liable. If 
the toll were fixed according to the number of passengers 
the carriage were capable of conveying, it would imply 
the necessity of a license, limiting the number of pas- 
sengers, and cramping the progress of improvement of a 
machine, the capabilities of which can only be ascertained 
slowly and by continued experiment. 

** It must be also recollected, that these carriages will 
probably have to travel for a long period without pas- 
sengers, until by their punctuality and safety they shall 
have induced the public to venture in them. Nor is this 
probability weakened by the immense number of pas- 
sengers who commenced using the locomotive carriages 
on the Manchester and Liverpool railway immediately 
after their introduction. These engines were established 
among a population accustomed to machinery and steam^ 
and therefore not entertaining the same apprehensions of 
its danger which will require to be surmounted elsewhere. 

^* The trustees of the Liverpool and Prescot road have 
already obtained the sanction of the legislature to charge 
the monstrous toll of Is. 6d. per ' horse-power;' as if it 
were a national object to prevent the possibility of such 
engines being used. Besides, they have supplied no 
standard of their own conception of horse-power. En- 
gineers have differed very much in their estimates of this 
power ; there is not, therefore, much probability that the 
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opposite interests of a steam-coach proprietor and toll- 
collector would lead to any agreement as to the meaning 
of the term. But suppose the legislature were to settle 
this point, and to arrange that a certain length of stroke 
and diameter of cylinder should represent a certain power, 
we still fail to ascertain that which alone it is essential to 
know, viz. the actual efficiency of the engine. Can we 
regulate the density of steam at which an engine of a 
given size should be worked? To be eflfectual, it would 
be also necessary to ascertain the quantity of water con- 
sumed, and even this check would be indequate with an 
engine on Mr. Trevithick's principle. If the toll be left, 
as at present, on * horse-power,' it would be the obvious 
interest of the proprietor to work with the smallest nomi- 
nal power, but to increase as much as possible the force 
of his steam, thereby increasing the probability of ex- 
plosion. 

'^ Some trustees have placed the toll upon the number 
of wheels. The Committee would object to this mode of 
charge, if only because it interferes between the rival 
modes of steam travelling, and gives a bounty in favour of 
that in which the engine is placed on the same carriage 
with the passengers. The opposite plan of separating the 
engine from the carriage is that which probably the public 
will prefer, until the safety of this mode of conveyance shall 
have been fully ascertained. 

^' There is still a more serious objection to this mode of 
charge — it tends to discourage the use of separate carriages ; 
although it must be evident, that if a certain weight be 
carried, it will be much less injurious to the road when 
divided over eight wheels, than when carried on four 
only. On this point the Committee must again refer to 
Mr. McNeil's evidence. They cannot, therefore, recom- 
mend the House to adopt a scale of toll which shall in- 
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crease in inverse proportion to the injury done to the road. 
It will be seen in Mr. M^Adam's evidence^ that the toll 
on steam-coaches, imposed by the Metropolitan Roads Act, 
is liable to this objection. 

^' Some of the local acts have placed an unvarying toll 
on steam-carriages. This, if moderate, would be unob- 
jectionable; but the Committee could not propose any 
sum which would adapt itself to the necessary varieties 
of expense in keeping up diflTerent roads, by which the 
tolls on common carriages have been regulated. A fixed 
toll has, too, this disadvantage, that light experimental 
carriages, or such as are built solely for speed, would be 
liable to the same toll as steam-carriages heavily laden. 

*' The Committee feel that, however strong their con- 
viction may be of the comparatively small injury which 
properly constructed steam-carriages will do to the roads, 
yet this conviction is founded more on theory, and per- 
haps what may be considered as interested evidence, than 
practical experience ; they would therefore recommend that 
the House should not make, at present, any permanent 
regulations in favour of steam. The experience which 
will be gained in a very few years, will enable the legis- 
lature to form a more correct judgment of the efiect of 
steam-carriages on roads than can be now made. They 
therefore recommend that the tolls imposed on steam- 
carriages by local acts, where they shall be unfavourable 
to steam, shall be suspended during three years ; and that, 
in lieu thereof, the trustees shall be permitted to charge 
toll according to the rate to which the Committee have 
agreed. 

" The House will have perceived, in the former part of 
this report, that there are two modes of applying steam 
in lieu of horses in draught ; one, where the engine and 
passengers are on the same carriage, the other where the 
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engine is placed on separate wheels^ and is merely used 
to propel or draw the carriage. Although the difference 
of weight may be in favour of the former mode, yet, as 
on the latter it is divided over eight wheels, instead of four, 
its small excess cannot justify a larger toll being imposed, 
as it will be found much less injurious to the roads. The 
Committee, therefore, recommend, that in charging toll,, 
the engine-carriage and carriage drawn shall be considered 
but as one. 

^^ As it is the opinion of all the engineers examined, 
that the use of narrow wheels has been the great cause 
of the wear of roads, and that cylindrical wheels, of a 
certain width of tire, are not only the least injurious, but 
that, in some states of the road, they may be even bene- 
ficial, the Committee recommend, that the wheels of the 
engine-carriage should be required to be cylindrical, and 
of not less than 3i inches width of tire. No proprietor of 
steam-carriages has expressed the slightest fear of any incon- 
venience or loss from the use of such wheels. Beyond this, 
the Committee would not recommend interference with the 
breadth of tire, or form of wheels ; it should be left to 
the proprietors freely to select the breadth of tire they 
shall find most convenient, in proportion to the weight 
carried. 

** The Committee have divided steam -carriages (in- 
tended for passengers) into two classes, to be subject to 
different rates of toll. The first, where the carriage is 
not plying for hire, or where, if plying for hire, it shall 
not be calculated for, or carry at any time, more than 
six passengers ; the original cost of such machines, and 
the expense of working them, will sufficiently protect the 
roads from any great number of merely experimental 
carriages ; and for the same reason they will not be of a 
weight or size likely to be injurious. A steam-carriage 
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only calculated to convey six passengers will be solely 
used where great speed is required, and will be so light 
as to cause very little wear of the road^ probably much 
less than many carriages drawn by the number of horses 
which the Committee recommend as the standard of charge 
for this class. The toll, therefore, proposed to be placed 
on this class of steam-carriages is that which (on the 
several roads where they may be used) is charged on a 
carriage drawn by two horses. 

^' In the second class they have placed all other steam- 
carriages, except those travelling at. slow rates, for goods 
only ; carriages of this class should pay the same toll as 
may be charged on a coach drawn by four horses. This 
may at first appear unjust from the supposed power of 
steam to draw almost unlimited weight. The Committee 
have already enumerated the difficulties hitherto encoun- 
tered in attempting to propel very heavy loads on turnpike 
roads. They are such as to discourage the expectation, 
that, within any short period of time, the system will have 
been so perfected as to give rise to inconvenience from this 
source: should any hereafter be found, it will then be 
sufficient to remedy the defect. Until a due proportion 
of the parts of the machinery shall have been ascertained, 
the makers of these carriages will vary but cautiously from 
the models at present in use ; their object will be, for some 
time, the perfecting of them, rather than the uncertain 
experiment of increasing their size. 

" The Committee do not anticipate, that, for a con- 
siderable period, steam will be used as a propelling power 
on common roads for heavy wagons. It appears to have 
been the general opinion of the witnesses, that in propor- 
tion as the velocity of travelling by steam on common 
roads is diminished, the advantages of steam over horse- 
power are lost. The efficiency of horses in draught is 

Y 
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rapidly increased ; while, on the contrary, the weight 
which could be carried or propelled at any great velocity 
by steam, could not be more cheaply conveyed, were the 
speed decreased to that of the slowest wagon. 

" As speed, therefore, is the cause of greatly increased 
expense where horses are used, while with steam it is 
comparatively unimportant, it is probable that the latter 
will be chiefly resorted to when rapidity of conveyance is 
required. Mr. Gumey considers, that under four miles 
per hour horses can be used in draught more economically 
than steam. Should it, however, be deemed profitable to 
convey heavy goods by steam-carriages, the Committee 
recommend that there should be as little interference as 
possible with the number of carts employed ; as the effect 
on the surface of roads would be infinitely more injurious 
if heavy loads were placed on a single cart, than if the 
same weight were divided over several. The Committee 
recommend, that where carriages containing heavy goods 
alone are propelled by steam, the weight of the load 
should be charged without reference to the number of 
carts on which it may be carried. 

" As a horse is able to draw from 20 to 40 cwt. on 
common roads, they propose that each 20 cwt. of load con- 
veyed in or drawn by a steam-carriage should be chargeable 
at the same rate of toll as one horse drawing a cart. 

" A charge on weight is not so objectionable where 
goods are conveyed at a slow rate, as when speed is alone 
required. 

*' In conclusion, the Committee submit the following 
summary of the evidence given by the several witnesses, 
as to the progress made in the application of steam to the 
purposes of draught on common roads. 

*' Sufiicient evidence has been adduced to convince your 
Committee : — 
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''1. That carriages can be propelled by steam on com- 
mon roads at an average rate of ten miles per hour. 

^^ 2. That at this rate they have conveyed upwards of 
fourteen passengers. 

" 3. That their weight, including engine, fuel, water, 
and attendants, may be under three tons. 

" 4. That they can ascend and descend hills of con- 
siderable inclination with facility and safety. 

" 5. That they are perfectly safe for passengers. 

" 6. That they are not (or need not be, if properly con- 
structed) nuisances to the public. 

" 7. That they will become a speedier and cheaper mode 
of conveyance than carriages drawn by horses. 

** 8. That, as they admit of greater breadth of tire than 
other carriages, and as the roads are not acted on so 
injuriously as by the feet of horses in' common draught, 
such carriages will cause less wear of roads than coaches 
drawn by horses. 

*^ 9. That rates of toll have been imposed on steam- 
carriages which would prohibit their being used on 
several lines of road, were such charges permitted to 
remain unaltered." 
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APPENDIX— (F.) 



Much of the effective power, even of a good steam- 
engine, is frequently lost by the friction resulting either 
from bad packing, or the use of improper oil. A very 
valuable instrument, called an indicator, has been devised, 
which accurately registers the labours of the engine, in 
these and a variety of other respects. A case in which it 
was found eminently useful, will best illustrate its applica- 
bility when the machinery put in motion by steam-power 
varies from new or extraordinary circumstances. 

In the first experiments with the engine to which we 
allude, it was found, when the whole was in motion at 
the usual velocity, that the average pressure upon each 
square inch of the piston amounted to 11 'Tibs., or about 
one-third more than it ought to have been ; and that at 
that time the engine, which was of forty-five horse-power, 
exerted a power, including its own friction, of more than 
seventy horses. It being discovered, in repeated trials 
with detached parts of the work, that the same extraor- 
dinary absorption pervaded every department, it became 
obvious that the effect was produced by some generally 
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existing cause ; and attention was naturally directed to the 
quality of the oil which was in use throughout the work. 
At one time that kind was used which is known under the 
name of neat's-foot, but owing to its scarcity, ai\d the 
extreme cheapness of rape oil, a small portion of the latter 
was mixed with the former. No apparent diflPerence being 
discovered by the workmen, this proportion was gradually 
increased, until, the stock of neat's-foot oil being at last 
consumed, the rape oil became the sole anti-attrition. 
And so gradually had the change been effected, that the 
workmen, even to the last, denied the existence of any 
unusual friction, and attributed the want of speed solely 
to some defect in the engine, which daily exhibited stronger 
symptoms of being over-loaded. At length, the use of the 
rape oil was suspended, and spermaceti substituted ; and, 
in twenty-four hours, the average pressure was reduced to 
9*5 lbs. ; in a week after it had fallen to 9*1. At this 
time a mixture of one-third sperm, and two-thirds rape- 
oil, was given out to the workmen, and the friction, after 
the first day, gradually increased, until, at the end of a 
fortnight, the average pressure became* 11*1 lbs. A return 
to the pure sperm-oil again reduced the pressure to 9*6. 
Now, the indicator exhibits to our view the succes- 
sive changes of pressure which take place in a steam- 
engine cylinder during each stroke ; and, by also marking 
the duration of each particular pressure, it affords, with 
an elegant simplicity, a very near and correct approxima- 
tion to the power exerted. The results which it yields 
are so tangible, and in many situations so important and 
instructive to those who have the distribution and appli- 
cation of the power derived from steam-engines, that we 
think it only requires to be more generally known and 
understood to be oftener applied. 




The top of the steam-engine cyliuder-coTer is furzuBhed 
with a stop-cock b, usuBlly made to answer the seat of 
the grease-cock ; c the indicator cylinder, about one inch. 
and three quarters in diameter, and eight inches long, 
open at top, and screwed at bottom upon the Btop-cock h. 
The flat pillar d, is screwed to the side of the cylinder c, 
and supports the irame e e. The piston is shewn at/. It 
is fitted so as to work easily up and down, and to be, at 
the same time, air-tight. The frame e e is twelre inches 
by seven inside, the under and upper rail being groored 
to retain the sliding-board k. The piston-rod g, is about 
five-eighths of an inch in diameter, and sixteen long. A 
cross guide is screwed to the pillar d, at six inches above 
the top of the small cyhnder, and through which the piston- 
rod passes. A spiral spring is attached to the piston at 
f, and the guide above. It should be about seven inches 
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long when at rest^ and of such a strength as to allow the 
piston to descend nearly to the bottom of the cylinder, 
when it is loaded with a weight equal to fourteen pounds 
upon every square inch of its area ; it should also admit 
of being compressed about one inch and a half. There 
is a small board, about seven inches square, sliding in 
grooves in the upper and under rails of the frame ee. 
There is also a small brass socket, which may be fixed at 
any height upon the piston-rod by a tightening screw. It 
carries in the other end a short pencil, with a weak spring 
to push it forward against the surface of the sliding-board. 
A weight w, is attached by a cord to the sliding-board; 
the other extremity is attached to any convenient part of 
the parallel motion, traversing a space of about four inches 
and a half during each stroke of the engine- 

From this description the principle on which the in- 
strument acts will be evident. By opening the stop-cock 
6, a direct communication is made between the interior 
of the large and small cylinders, and the density of the 
steam in the indicator becomes the same as in the steam- 
engine cylinder above the piston. When this density is 
less than that under the atmospheric pressure, the indi- 
cator piston will sink, when it is greater the piston will 
rise ; but the spiral spring, which, if carefully made, 
stretches through equal distances with equal weights, 
acts on the piston, and, by the distance to which it allows 
it to move from its state of rest, indicates the pressure it 
is undergoing. During each stroke of the engine, there- 
fore, the indicator piston will rise at the instant the upper 
steam-valve opens, and during the descent of the large 
piston will maintain a situation in the cylinder propor- 
tioned to the density of the steam ; but when the eduction- 
valve opens, it will sink : when the rapidity of its descent. 
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and the distance to which it falls, denotes the quality 
of the vacuum. If, during this perpendicular alternating 
motion of the small piston, the sliding-board be made to 
perform its horizontal course^ the pencil attached to the 
piston-rod g will trace a figure upon the board, or upon a 
piece of paper applied to its surface^ which will shew by 
its form the strength of the steam and power of the engine. 



I 



THE END. 
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AN ACT 

To ascertain the Tonnage of YesBeb propelled bj Steam. 

59th Geo. 3. Ctgp. 5. Be it therefore enacted, 8cc that 
the rule for admeasuring ships or vessels to be propelled by 
steam, shall be as follows; that is to say, the length shall 
be taken on a straight line along the rabbet of die keel of 
the ship, from the back of the main stem-post to a per^ 
pendicular line from the forepart of the main stem under 
the bowsprit, from which, deducting the length of the 
engine-room and subtracting three-fifibhs of the breadlh, the 
remainder shall be esteemed the just length of the keel to 
find the tonnage. And the breadth shall be taken from tl^ 
outside of the outside plank in the broadest place of the 
ship or vessel, be it either above or below the main wales, 
exclusive of all manner of doubling planks that may be 
wrought upon the sides of the ship or vessel ; then multi- 
plying the length of the keel by the breadth so taken, and 
that product by half the breadth, and dividing the whole tiy 
ninety-four, the quotient shall be deemed the true contents 
of the tonnage, according, to which rule the tonnage of all 
such ships and vessels shaU be measured and ascertained ; 
any thing in any act or acts to the contrary notwithstand- 
ing ; provided always, that it shall not be lawful to stow or 
place any goods (fiiel for the voyage excepted) in the said 
engine-room; and if any goods dudl be so stowed or 
placed, such ship or vessel cball fitmi thenceforth be 
deemed and taken to be a ship or vessel which has not 
been admeasured according to the rules of this Act, and 
liable to all the consequences thereof. 



APPENDIX (E.) 

ChroTwlogiccd Catalogue of Works descriptive of the Steam 

Engine. 

Brancas. Le Machine, folio. Roma^ 1629 ! 

Marquis of Worcester's Century of Inventions, 
12mo. London, 1663, 1746; Glasgow, 1767; 
Lmidon 1786, 1813, 1825.* 
Papin. Recueil de Pieces, 8vo. Cassdy 1695 

Savery. The Miner's Friend. 8vo. Londofiy 1702 

Isaac de Cans. New Invention of Water Works, ; 

London^ 1704 
Ars nova ad Aquam Ignis adminiculo efficacissime 

elevandum. Cassdj 1707 

John Allen. Narrative of several New Inventions 
and Experiments, particularly the navigating a 
Ship in a Calm, and Improvements on the Engine 
to raise Water by Fire, 8vo. London, 17S0 

Voyage de La Motraye, en Europe, Asie, et Afrique, 

foho, 3 vol. (See vol. iii. p. 360.) La Hay e, 1732 
Hull's Description of a new invented Machine for 
carrying Vessels or Ships out of, or into, any 
Harbour, Port, or River, against Wind and Tide, 
12mo. Londcmj 1737 

Desagulier's Course of Experimental Philosophy, 

4to. LonidoHy 1763 

Lavoisier on the Expense of Steam Engines, p. 63. 177 J 
Blakey sur les Pumpes a Feu, 4to. Amsterdam, 1774 

Falck's Description of an Improved Steam Engine, 

8vo, Lmdon, 1776 

Leupold Theatrum Machinarum Generale, folio. 

Lips. 1780 
Belidor. Architecture Hydraulique, 4to. Paris, 1782-90 
Bossut. Traite Theorique et Experimental d* Hy- 

drodynamique, 8vo. 2 vol. Paris, 1786-7 

Senphin de Mon Copi, CEuvres de. 1787 

Prony. Nouvelle Architecture Hydralique, 4to. 

Parig, 1790-6 

Boulton and Watt's Directions for erecting their 
new invented Steam Engine, 8vo. 

* Tliis edition contains a Series of Notes illustrative of the Blarquis'a 
inventions, to which is prefixed a life of the noble author. 
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Short Statement of Boulton and Watt, in Opposi- 
ton to Homblower's Renewal of Patent. 8vo. 

London, 1792 
Blakey. A short Historical Account of the Inven- 
tion, Theory, and Practice of Fire Machinery; or 
Introduction to the Art of making Macnines, 
vulgarly called Steam Engines, 8vo. London, 1793 

Langsdorf. Lehrbuch der Hydraulik, 4to. AUenb. 1794 
Smeaton's Reports, 4to. Ixmdon. 1797 

Curr's Coal- Viewer, and Engine Builder, 4to. . 

Sheffield, 1797 
Walker's System of Philosophy, 4to. 1799 

Nieuwe Verhandeligen van het Batasseh Genoots- 

chap. Rotterdam, 1803 

Walker on Draining Land by the Steam Engine, 

8vo. London. 1813 

Buchanan on Propelling Vessels by Steam, 8vo. 

Glasgow, .1816 
Dodd on Steam Packets, 8vo. London, 1818 

Rees's Cyclopaedia, Art, Steam En^ne. 
Brewster's Encyclopaedia, Art. Steam Engine, 4to. 1823 
Stuart's History of the Steam Engine, 8vo. 1824 

Tredgold's Principles of the Steam Engine, (the 
best Practical and Scientific Account of the 
Steam Engine,) 4to. 1827 

Galloway's History of the Steam Engine, 8vo. 1827 

Farcy's JBListory of the Steam Engine, 4to. 1827 

Adcock's Examples of Steam Engines, 4to. 1827 

Telford's Reports on Steam Boats, folio. 1827 

Sir John Ross on Steam Boat Navigation^ 4to. 1828 

Alderson's Account of the Steam Engine, 8vo. 1833 

Dodd and Hann's Mechanics for Practical Men, 

8vo. 1838 

The Lever Engineer (the first division of ), com- 
prises Boulton and Watt's Portable Steam En- 
gine in Elevation and Details, oblong atlas, folio. 1,884 
St. Otway on Steam Navigation, 8vo. , 1*884 

Reports on Steam Navigation to India, folio. 1834 

Le Blanc Recueil des Machines, large folio, several . 

livraisons. 1834 

Reports on Gumey's Steam Carriage, folio. 1835 
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Encyclopaedia Metropolitana, Art Steam Engine, 

and Arts. Manufactures, and Machinery, 4ta. 1836 

Encyclopsedia Britanica, seventh edition, Messrs. 
Black, North Bridge, Edinburgh, Art* Steam, 
4to. 1836 

Partington's Popular Description of the Steam En- 
gine, 8vo. 1836 
LArdner's Account of the Steam Engine, 8vo. 1836 
Pambour (Chev. de). Practical Treatise of Loeo- 
motive Steam Engine, with numerous Experi- 
ments, 6vo. 1836 
Gordon upon Elemental Locomotion, 8vo* 1896 
Templeton's Engineer's Companion, 12mo. 1886 
Farey on the Relation between the Temperature 
ana Elastic Force of Steam, when confined in a 
Boiler containing Water. See Transactions of 
the Institution of Civil Engineers, 4to. 1836 i 
Fare/s Approximative Rule for Calculating the t 
Velocity with which a Steam Vessel will be im- ' 
pelled through still Water by the exertion of a \ 

S'ven amount of Mechanical Power, or Forcible 
[otion by marine Steam Engines. See Trans- 
actions of the Institution of Civil Engineers, 4to. 1836 
Wickstead's Effective Power of the H^h Pressure 
Expansive Condensing Steam Engines, commonly 
in use in Cornish mines. See Transactions of the 
Institution of Civil Engineers, 4to. 1836 

Philosophical Transactions. 
Papin's Engine, vol. xix. p. 481. 1697 

Saver/s Steam Engine, vol. xxi. p. 228. 1699 

Payne's new Invention of evpanding Fluids, voL xlL 

p. 821. 1741 

Blake on Steam Engine Cylinders, vol. xlvii. p. 

197. 1761 

Smeaton on De Moura's Improvements on Saverjr's 

Engine, vol. xlvii. p. 436. 1751 

Fitzgerald on increasmg Steam by Ventilation, votL 

i. 53, 370. 1757 

Davies Gilbert's Observations on the Steam En^ne. 1827 
Davies Gilbert's Observations on the Progressive 
Improvements made in the efficiency of Steam 
Engines in Cornwall. 1830 
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AiR-pump, for steam-engines, description of, 123. 

Alcohol, vapour of, its use as a substitute for steam, 31. 

America, tbe atmospheric engine first employed in, 39 ; Afr. TVeyithick con- 
structs steam engine for South, 41 ; Mr. Fulton introduces the steam 
boat in, 50. 

Amontons, fire-wheel invented by, 20. 

Atmospheric Engine, suggested by Papin, 12 ; applied to the draining of 
mines by Newcomen, 17 ; ingenious mode of illustrating the operations of, 
18 ; H. Beighton*s improvements, 19; first employed in North America, 39 ; 
description of, 145. 

Barometer-guage, 124. 
Barton's, Mr., piston, 121. 

Beighton, H., improvements on the atmospheric steam-engine, 19. 
Bell-crank Engine, constructed by Boulton and Watt, 38. 
Berry, Mr., improvements in the generation of steam, &c., by, 249. 
Blenkinsop, Mr., constructs an iron rail-road for locomotive engines, 42. 
Boaz, Mr. James, the steam engine of, 15. 

Boiler, employed by Brindley, 134; Savery, ibid; Marquis of Worcester, 

ibid. ; Newcomen, ibid. ; wooden boilers introduced by Messrs. Anderson 

and Livington, 135 ; Boulton and Watt, 135 ; Woolf, 136 ; Trevithick^ ibid. 

Braithwaite, Mr., evidence upon steam navigation by, 82. 

Braithwaite and Ericson, Messrs., description of a light engine constructed 

by, 60, 62. 
Bramah, Mr., evidence upon steam navigation by, 70. 
Brancas, suggestions for a high-pressure steam-engine by, 6. 
Bridges, portable steam-engines now employed in the erection of, 33. 
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the House of Commons, 261, 262. 
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Cartwright, Mr., suggests the employment of vapour of alcohol as a sufastitate 
for steam, 31. 

Century of inventions, notice of the steam-engine to be Ibaiid in, 7. 
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